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ABSTRACT 


This  research  explored  the  relationships  of  organ- 
izational variables  and  the  innovation  and  productivity  of 
scientists  and  engineers  in  Research  and  Development  Labora- 


tories . 


Innovation  and  productivity  were  viewed  as  two  sep- 


arate dimensions  of  scientific/engineering  output.  Innova- 
tion was  defined  as  output  that  is  original  and  useful,  where- 
as productivity  was  defined  as  quantity  of  output.  Peer  rat- 
ings of  innovation  and  productivity,  completed  by  other  scien- 
tists/engineers within  the  same  work  group,  were  the  criteria 


measures . 


A list  of  organizational  variables  was  developed 


from  relevant  empirical  studies  in  the  literature  and  tested 
for  their  relationships  with  the  criteria. 

The  method  included  a questionnaire  administered  to 
the  individual  scientist/ engineer  that  provided  data  for  the 
peer  ratings,  and  most  of  the  organizational  variables.  Ques- 
tionnaires from  the  group  leaders  and  information  from  lab 
records  provided  data  for  some  other  organizational  variables. 

Usable  information  was  obtained  on  154  civilian  and 
military  scientists/engineers  in  36  work  groups  in  three  Air 
Force  R&D  Laboratories.  Analyses  were  performed  at  both  the 
individual  and  group  levels. 

The  peer  ratings  of  innovation  and  productivity 


were  found  to  be  of  a reliable  nature.  Pace  validity  of  the 
criterion  variables  was  implied  by  the  distributions  of  the 
criterion  scores , and  by  the  finding  that  the  productivity 
scores  were  significantly  greater  them  the  innovation  scores. 
Innovation  and  productivity  have  a high  positive  relation- 
ship. 

The  following  consistent  relationships  were  found 
by  analyzing  zero  order  correlations,  regressions  and  canon- 
ical correlations.  Rewards  for  innovation  is  the  variab  e most 
consistently  related  to  innovation,  and  to  productivity,  and 
to  the  bivariate  criteria,  at  both  the  individual  and  group 
levels.  Frequency  of  communication  with  other  scientists/ 
engineers  within  the  group  on  technical  matters  is  positively 
related  to  innovation,  and  productivity,  and  the  joint  criteria 
at  the  individual  level,  as  well  as  to  innovation  at  the  group 
level.  Participation  on  goal  setting  and  the  group  leader's 
empathy  are  both  positively  related  to  productivity  at  both 
levels  of  analyses.  An  age-education  group  of  variables  is 
significantly  related  to  innovation,  and  to  productivity,  and 
to  the  joint  criteria  at  the  individual  level. 
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PART  1 

INTRODUCTION 
1.1  Background 

The  question  of  organizational  or  situational  de- 
terminants of  innovative  output  in  a Research  and  Develop- 
ment (R&D)  Organization  has  only  recently  been  empirically 
investigated.  This  is  partly  evidenced  by  the  devotion  of 
the  first  four  University  of  Utah  Research  Conferences  on 
Creativity,  summarized  in  Taylor  and  Barron  (1963)  and  Taylor 

(1964)  , to  personal  determinants  of  creativity  and  the  cri- 

/ 

terion  problem.  Not  until  the  seventh  conference,  Taylor 
(1972)  , did  the  conferences  start  to  pay  any  attention  to  or- 
ganizational factors.  Indeed,  even  then,  most  of  the  work 
consisted  of  "theorizing"  on  "optimal  climates  for  creativity." 

Unfortunately,  for  the  practicing  R&D  manager  or 
interested  scholar,  most  of  the  R&D  management  literature  in 
this  area  is  of  a "cookbook"  variety.  Much  of  it  consists  of 
"how  to  do  it"  lists  to  help  the  R&D  manager  create/improve  a 
climate  for  creativity.  Most  of  the  lists  were  based  on  "ex- 
pert opinion"  and  little  empirical  evidence.  For  example, 

Orth  (1959)  wrote: 

"The  creative  work  of  research  personnel 
is  the  basic  product  of  the  research 
laboratory  and  the  degree  of  productivity 
evidenced  by  laboratory  personnel  will 
depend  on  the  degree  to  which  the  optimum 
climate  for  professional  research  work  has 
been  developed  and  maintained  by  research 
management."  (p.55)  (Emphasis  added.) 
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In  a fashion  replicated  by  many,  Orth  proceeded  to  propose  a 
list  of  "elements  of  the  climate  for  creative  research"  (p.58) 
with  little  evidence  to  substantiate  the  list. 

The  studies  contained  in  the  literature  review 
section  (2.2.1)  were  based  on  empirical  data.  However,  in 
many  cases,  the  definitions  and  measures  of  innovation  employ- 
ed are  nebulous.  Some  measured  innovation,  some  productivity, 
some  creativity,  some  originality,  some  recognition,  yet  most 
used  the  common  title  of  creativity  or  innovation.1  There  were 
also  substantial  differences  between  studies  concerning  how 
the  organizational  variables  were  measured. 

The  above  deficiencies  in  the  literature  led  to  the 
problem  that  is  explored,  namely,  what  organizational  variables 
are  associated  with  the  innovation  and  productivity  of  scien- 
tists and  engineers. 

1.2  The  Problem  and  its  Limitations 

What  organizational  variables  are  associated  with 
the  innovation  and  productivity  of  scientists  and  engineers? 

The  phrase  "what  organizational  variables"  does  not 
imply  that  there  is  one  set,  or  a best  set  of  organizational 
variables.  Given  limited  time,  resources,  and  data,  every 
possible  organizational  variable  could  not  have  been  investi- 
gated for  its  relationship  with  the  criterion.  Rather,  a 
• • - i t se  of  organizational  variables  was  proposed  for  study 

riterion  problem  is  dealt  with  in  detail  in  section  2.3. 


that  were  identified  as  promising  by  other  empirical  research 
efforts,  or  fit  the  writer's  conceptual  framework.  Once  this 
promising  set  had  been  identified,  the  relationships  of  the 
candidate  variables  to  the  criteria  were  tested. 

A note  on  the  term  "organizational"  variables  is 
in  order.  The  use  of  the  term  is  meant  to  convey  the  concept 
of  variables  over  which  the  organization  has  some  control  - 
not  necessairly  strict  organizational  properties  like  organ- 
izational structure,  etc.  It  includes  some  strict  organiza- 
tional properties  - (e.g.  size) , but  also  some  group  proper- 
ties over  which  the  organization  has  control  (e.g.  average 
length  of  group  membership) , and  some  supervisor  variables 
over  which  the  organization  has  control  (e.g.  extent  of  par- 
ticipation) . 

Extra  organizational  variables  were  excluded  from 
the  scope  of  the  study. 

The  output  of  scientists  and  engineers  appears  to 
be  multidimensional.  Taylor,  Smith  and  Ghiselin  (1961)  factor 
analyzed  52  variables  of  researcher's  contributions  and  found 
15  dimensions.  Two  dimensions  of  scientific/engineering  out- 
put of  particular  importance  were  innovativeness  and  produc- 
tivity. Innovation  was  of  importance  because  in  theory  it  is 
the  essence  of  R&D  Laboratories  - i.e.  original  and  useful 
knowledge,  theory,  products,  processes,  publications,  etc. 
Productivity  was  of  interest  due  to  its  potential  relation- 
ship with  innovation.  The  dimensions  are  dealt  with  in  detail 
in  the  criterion  section  (2.3). 
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The  output  of  scientists  and  engineers  was  the  cri- 
terion in  this  study.  Personal  abilities,  like  creative  abil- 
ity or  creativity,  were  not  the  subject  of  this  dissertation. 

Only  scientists,  engineers  and  their  immediate  su- 
pervisors were  subjects  in  this  study.  Technicians,  secre- 
taries and  other  support  personnel  were  excluded. 

Since  the  writer  was  an  Air  Force  Officer  and  entry 
into  several  Air  Force  R&D  Laboratories  was  easily  obtained, 
the  sample  consisted  entirely  of  scientists  and  engineers  in 
Air  Force  R&D  Laboratories . 

1.3  Research  Objectives 

1.  Identify  organizational  variables  that  appeared 
to  be  promising  as  correlates  of  innovation  and  productivity 
of  scientists  and  engineers. 

2.  Develop  an  instrument  to  measure  the  extent  to 
which  the  variables  exist. 

3.  Develop  definitions  of  innovation  and  produc- 
tivity. 

4.  Design  a technique  to  measure  the  innovativeness 
and  productivity  of  scientists  and  engineers. 

5.  Using  the  measures  of  organizational  variables, 
innovation  and  productivity,  collect  data  on  a sample  of  sci- 
entists and  engineers  in  Air  Force  R&D  Laboratories. 

6.  Test  the  relationships  of  the  organizational 
variables  with  innovation  and  productivity. 

Before  proceeding  with  the  design  of  the  experiment, 
relevant  literature  is  reviewed. 
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PART  2 

LITERATURE  REVIEW 

Anyone  familar  with  the  literature  dealing  with  pro- 
ductivity or  innovation  knows  that  organizational  climate  has 
become  a major  theme  in  that  literature.  Therefore,  a review 
of  the  literature  dealing  with  organizational  climate  was 
needed. 

2 . 1 Organizational  Climate 
Recently,  the  term  organizational  climate  has  come 
into  increasing  use  in  the  literature.  Its  use  is  proportion- 
al to  the  variability  of  conceptual  and  operational  definitions 
of  the  term. 

This  section  attempts  to  demonstrate,  through  ex- 
amination at  the  conceptual  and  operational  levels , that  cer- 
tain unresolved  issues  surround  the  construct.  Thus,  more 
work  needs  to  be  done  at  the  conceptual  level  and  therefore, 
organizational  climate  is  not  necessarily  as  relevant  to  the 
current  research  as  it  would  appear. 

2.1.1  Conceptual  Definitions 

In  their  recent  thorough  literature  review  of  the 
subject,  Hellriegel  and  Slocum  (1974)  seemed  to  implicitly 
accept  the  organizational  climate  concept  as  they  addressed 
themselves  to  the  operational  level  treatment  of  organization- 
al  climate.  They  remarked:  "The  primary  criticism  of  the  con- 
struct seems  to  exist  at  the  operational  rather  than  the  con- 
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ceptual  level."  (p.257) 

Benjamin  Schneider,  one  of  the  most  prolific  writers 
on  the  subject  of  organizational  climate,  assumed  an  opposing 
position.  Schneider  (1974)  wrote:  "However,  it  will  be  argued 
here  that  since  operationalization  presupposes  conceptualiza- 
tion it  is  precisely  at  the  conceptual  level  where  the  pro- 
blems lie."  (p.l) 

James"'"  and  Jones  (1974)  in  their  thorough  critical 
review  of  organizational  climate  sided  with  Schneider,  and  even 
stated  that  the  conceptual  problems  cannot  be  solved  now.  They 
wrote: 

"Only  after  the  conceptual  boundaries  of 
organizational  climate  are  spelled  out 
should  the  measurement  and  operationali- 
zation become  matters  of  major  concern. 

With  respect  to  organizational  climate, 
the  present  authors  feel  that  a defini- 
tive conceptual  statement  of  the  nature 
of  organizational  climate  is  not  possible 
at  the  current  stage  of  research."  (p.1107) 

This  dissertation  attempted  to  demonstrate  that  is- 
sues exist  at  both  levels.  However,  it  is  obvious  that  try- 
ing to  resolve  the  operational  level  problems  without  first 
solving  the  conceptual  problems  is  like  treating  the  symptoms 
of  a disease  while  ignoring  the  cause. 

The  range  of  definitions  of  organizational  climate 
is  large.  Table  I is  offered  as  a sampling  of  definitions. 


James's  conversion  to  the  ranks  of  organizational  climate 
critics  is  noteworthy  because  he  is  coauthor  of  an  organi- 
zational climate  study  that  praised  the  predictive  powers 
of  organizational  climate  (Ellison,  McDonald,  James,  Fox 
and  Taylor,  1968) . 
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The  range  of  conceptual  definitions  causes  one  to 
wonder  if  the  cited  authors  were  all  defining  the  same  con- 
struct. From  the  table,  organizational  climate  was  variously 
seen  as:  a multidimensional  perception;  the  set  of  character- 
istics; an  expectation;  an  interaction;  the  ways  of  integrat- 
ing; the  subjective  impressions;  the  organizational  personal- 
ity; a set  of  attributes;  an  aura;  the  perceived,  subjective 
effects;  a quality;  shared  concepts;  or  a phychological  trait 
becoming  a sociological  property.  Perhaps  such  divergence  im- 
plies that  the  construct  has  not  been  well  thought  out.  After 
reviewing  the  above  definitions,  one  could  still  ask:  "What 
is  organizational  climate?" 

Analysis  of  the  various  organizational  climate  con- 
ceptualizations uncovered  several  unresolved  issues. 

2. 1.1.1  Dimensionality . Many  of  the  preceding 
definitions  implied  a global  concept  of  organizational  cli- 
mate. Yet,  the  attempts  to  measure  organizational  climate 
usually  investigated  only  parts  or  specific  dimensions  of  or- 
ganizational climate.  This  global  conceptualization  and  sub- 
sequent specific  measurement  (with  little  attempt3  to  formu- 
late a global  measurement)  raised  a question.  Is  the  climate 
construct  truly  global? 

If  it  is  global,  what  utility  is  there  (other  than 
gross  typology)  in  describing  a climate  as  open  or  closed  per 
Halpin  and  Croft  (1962) , or  System  I through  System  IV  per 
Likert  (1967)? 

3 Exceptions  are  Halpin  and  Croft  (1962)  and  Likert  (1967). 
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If  organizational  climate  is  so  all  emcompassing 
that  it  can  be  measured  only  in  parts  or  separate  dimensions, 
another  issue  arises.  Forehand  and  Gilmer  (1964)  posed  the 
question  of  how  does  one  combine  the  parts  into  the  whole. 

Is  the  combination  of  dimensions  an  equal  weighting,  a linear 
combination,  a non-linear  combination,  or  a series  of  inter- 
actions? 

If  it  can  be  measured  only  via  its  separate  dimen- 
sions, what  is  the  totality  of  dimensions  that  describe  the 
whole  concept?  Several  cited  authors  gave  some  examples  but 
a total  list  is  not  apparent.  (This  question  is  dealt  with 
further  in  a subsequent  section) . 

2 . 1 . 1 . 2 Effect  on  behavior  and  redundancy  with 
group  norms . Many  of  the  preceding  authors  assumed  that  or- 
ganizational climate  influences  the  behavior  of  the  people  in 
4 

the  organization.  Yet,  few  authors  checked  this  assumption 
by  collecting  data  with  behavior  as  the  criterion  and  organ- 
izational climate  as  the  predictor. 

An  interesting  argument  in  circular  reasoning  can 
be  advanced.  If  a conceptual  definition  stated  that  organi- 
zational climate  influences  behavior,  and  if  subsequent  stud- 
ies operationalizing  the  concept  treated  behavior  as  the  de- 
pendent variable,  and  if  the  studies  showed  no  significant 
effect  on  behavior  due  to  organizational  climate  (ceteris 
paribus)  does  that  mean,  by  definition,  that  the  phenomenum 


Evan  (1968)  is  a notable  exception. 
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investigated  was  not  organizational  climate? 

If  the  ideas  of  effect  on  behavior  and  perceptions 
shared  by  the  group  are  accepted,  how  does  organizational  cli“ 
mate  differ  from  group  norms  at  the  conceptual  level?  The 
definitions  of  organizational  climate  in  Table  I offered  by 
Frederiksen  (1969) , Pritchard  and  Karasick  (1973)  , and  Taylor 
and  Bowers  (1970)  that  stressed  these  two  features  are  not 
unlike  the  idea  of  group  norms  as  expressed  by  Golembiewski 
(1965) . What  utility  does  the  organizational  climate  con- 
struct possess  if  it  is  redundant  with  group  norms? 

Another  area  of  redundancy  is  with  job  satisfaction. 

2. 1.1. 3 Redundancy  with  job  satisfaction.  A con- 
troversy exists  in  the  literature  concerning  the  relation- 
ship of  organizational  climate  to  Job  Satisfaction. 

On  the  one  side,  Schneider  (1974)  remarked:  "cli- 
mate perceptions  behave  differently  from  satisfaction."  (p.15) 

In  opposition,  Guion  (1973)  took  the  position  that 

5 

a perceptual  measure  of  organizational  climate  was  the  same 
old  construct  of  job  satisfaction  under  a new  name.  Support- 
ing Guion' s stance,  Johannesson  (1973)  presented  the  results 
of  a study  in  which  he  cluster  analyzed  the  scores  from  a 
perceptual  organizational  climate  questionnaire  and  a job 
satisfaction  questionnaire.  After  observing  dimensions  that 
have  high  loadings  of  both  satisfaction  and  climate,  he  con- 
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eluded  that  perceptually  measured  organizational  climate  and 
job  satisfaction  are  redundant. 

Similarly,  Downey,  Hellriegel,  Phelps  and  Slocum 
(1974)  reported  the  results  of  a study  in  which  they  factor 
analyzed  3 job  satisfaction  instrument  and  an  organizational 
climate  installment,  and  examined  t|ie  correlation^  of  the  re- 
sulting dimensions.  Even  after  controlling  for  organization- 
al level  and  job  performance,  almost  one  half  of  the  total 
possible  number  of  correlations  between  the  job  satisfaction 
dimensions  and  organizational  climate  dimensions  were  signifi- 
cant. The  authors  concluded  that  further  research  was  need- 
ed on  the  question  of  the  redundancy  of  the  two  constructs. 

Some  correlational  studies  lend  further  support  to 
the  redundancy  position.  Lawler,  Hall  and  Oldham  (1974)  pre- 
sented a study  in  which  the  median  correlation  of  organization- 
al climate  with  job  satisfaction  was  .47,  whereas  the  median 
correlation  of  organizational  climate  with  organization  per- 
formance was  .25.  Pritchard  and  Karasick  (1973)  reported  a 
median  correlation  of  .48  between  organizational  climate  and 
satisfaction,  and  a median  correlation  of  .05  between  organi- 
zational climate  and  performance.  Friedlander  and  Margulies 
(1969)  reported  correlations  ranging  from  .54  to  .73  between 
organizational  climate  and  measures  of  satisfaction. 

The  preceding  studies  do  not  prove  that  job  satis- 
faction and  organizational  climate  are  totally  redundant. 

They  do  suggest  that  the  job  satisfaction  and  organizational 


climate  constructs  are  not  independent. 

2. 1.1. 4 People  or  organizations . The  relation- 
ship of  perception  and  attidude  concerning  the  organization 
is  another  unresolved  issue  surrounding  the  organizational 
climate  construct.  Hellriegel  and  Slocum  (1974)  remarked 
that  the  intent  of  organizational  climate  measures  is  to  re- 
cord how  the  individual  perceives  facts,  not  whether  he 
"likes"  them  or  not.  However,  they  subsequently  remarked: 
"Factors  such  as  attitudes,  values,  and  motives  are  widely 
recognized  as  playing  an  important  role  in  the  perceptual 
process"  (p.257).  Citing  evidence  from  one  of  his  studies, 
Guion  (1973)  wrote:  "...  perception  can  be  used  to  infer 
attitude"  (p.123). 

The  perceptual  organizational  climate  school  argues 
that  perceptions  are  descriptions  of  fact  and  thus  perceptual 
organizational  climate  measures  are  recording  characteristics 
of  organizations.  However,  since  perceptions  and  attitudes 
are  confounded,  perhaps  perceptual  organizational  climate 
measures  are  recording  attitudes,  which  are  characteristics 
of  people.  This  may  be  responsible  for  Taylor  and  Bowers 
(1970)  having  used  the  term  "psychological  trait"  (p.98)  when 
identifying  organizational  climate,  and  for  Insel  and  Moos 
(1974)  having  used  the  term  "psychological  environments" (p.179) 
for  organizational  climate.  Perhaps  the  perceptions  of  an 
individual  concerning  his  organization  or  environment,  which 
are  confounded  with  his  attitudes,  are  more  a reflection  of 
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his  individual  psychological  climate  than  the  organization. 

this  is  so,  use  of  the  term  organizational  climate  in  ref- 
erence to  individual  perceptions  is  misleading.  Guion  (1973) 
summed  up  the  issue  by  remarking:  "There  seems  to  be  real  con- 
fusion over  whether  "climate"  refers  to  attributes  of  organi- 
zations or  attributes  of  people."  (p.121) 

In  fact,  the  only  major  source  of  variance  concern- 
ing the  organization  at  the  individual  level  is  the  individual  - 
not  the  organization.  Within  an  organizational  unit,  organi- 
zational structure,  policies,  supervisor,  peers,  etc.  have 
near  zero  variance.  Thus,  recording  variances  in  individual 
perceptions  and  labeling  those  variances  as  attributes  of  or- 
ganizations is  misleading.  Between  organizational  units,  some 
facets  of  the  organization  are  different,  e.g.  supervisors, 
peers,  etc.  But  even  in  this  case,  one  measuring  individual 
perceptions  would  have  no  way  of  knowing  if  the  variance  is 
due  to  real  differences  in  the  organizational  variables  or 
differences  in  attitudes,  etc.,  of  the  individuals.  One  pos- 
sible answer  for  both  the  within  and  between  case  is  to  use 
a central  tendency  measure  (e.g.  mean  or  mode)  of  the  per- 
ceptions of  the  individuals  within  the  organizational  unit. 

This  eliminates  variance  due  to  individuals.  More  is  said 
about  this  technique  in  a later  section. 

Unfortunately,  this  writer  was  unable  to  resolve 
the  preceding  issues.  It  is  concluded  that  they  are  signif- 
icant enough  to  preclude  use  of  the  organizational  climate 
construct. 
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2.1.2  Operational  Definitions 

Table  II  contains  summaries  of  all  the  original 
organizational  climate  studies  reviewed.  The  term  original 
studies  means  studies  with  either  the  first  derivation  of 
dimensions  from  an  instrument,  or  subsequent  derivations  of 
modified  dimensions.  Methodology  refers  to  method  of  deriv- 
ing the  dimensions. 

Attention  is  focused  on  the  dimensions  in  the  hope 
that  such  analysis  will  reveal  commonalities  to  aid  in  the 
definitional  process,  and  will  answer  some  of  the  questions 
raised  in  a preceding  section  on  dimensionality.  Caution  is 
in  order  when  examining  the  studies  that  employ  the  technique 
of  factor  analysis.  It  is  recognized  that  titling  factors 
derived  from  this  technique  is  judgemental,  and  that  dif- 
ferent guidelines  exist  for  determining  the  number  of  fac- 
tors (dimensions).  Thus,  comparison  with  studies  wherein 
the  dimensions  are  defined  a priori  is  approximate. 

Analysis  of  Table  II  reveals  no  dimensions  that 
appeared  in  a majority  of  the  studies.  Dimensions  like 
autonomy,  structure,  reward,  support  and  warmth,  leadership, 
and  standards  appear  in  five  to  seven  of  the  studies.  But 
five  to  seven  agreements  out  of  22  formulations  hardly  is  in- 
dicative of  widespread  concensus  concerning  the  dimensionality 
of  organizational  climate,  especially  when  some  of  the  formu- 
lations were  solely  due  to  literature  reviews.  Thus,  the 
various  operational  definitions  of  the  construct  did  not  re- 
solve the  dimensionality  issue. 


18 


TJ 

I rH  4J 

tl  I II 

O'  O O O X 

3 si  a u 

c to  C jC  A 

3 o o g 

S3  E -H  3 

<D  44  -P  H 

44  o o 

• M CH 

to  >1  3 O -I 

h ww  it)  a) 

0 to  O CP 


-p  +j  m a)  -h  c 
o q 44  CP  3 
re  3 a>  3 o x 
g XI  M <H  o 


mink 

Id  Ifl  -H  -rH 

> N c 3 ' 

•H  Id  JC  i 


3 CPO  T3 
iq  M <d 
CO  45  i 
0) 

Q<  **  to  10 

o)  a)  c c 

>0  H O O 
C 43  -H  -H 

H (0  -H  4J 


MIN  M 
Id  Id  -rl  T3  -H 
> N C 0)  W 
•H  Id  Ml 
44  q CP  3 Tl 

C id  M 44 

3 CPO  W -P  0) 

•OH  O C CP 

qo  >44  tu  id 

0)  • M C 

0^  ••  to  to  a)  id 

0)  0)  C C <44  g 
flH  O 041 
C ja  -H  -M  -H  o 

H Id  44  4J  T3  44 


z w 

c 

1 

1 

w ^ 

a 

id 

3 

q q 

g 

N 0) 

N <U 

z 

<D  g 

•rl  H 4> 

•rl  r4  44 

W H 

CP  0) 

c id  id 

C 3 3 

P<  OS 

Id  44 

id  C B 

3 C B 

W >5 

C to 

CP  O -H 

CP  O -H 

Q> 

id  X 

M -H  rl 

M *H  »-H 

X co 

0 44  0 

O 44  CJ 

CO 

Eh 

i 

1 1 

T)  1 

U 

X 1 c to 

3 C C 1 

1 C CP 

M 

W <U  M C -M  g 

C4  -rl  M H 

| 

q 3 3 

•3 

> a)  id  m 

a)  tu  o 

id 

3 C 

CP 

>44  -H  O E to  -H 

x to  > 

N to 

E to  3 

3> 

3 -P  -H  M >44 

H 0)  O 44 

•r4  C 

M S 

CO 

•r4  3 *44  03  <U 

> CP  C 

C O 

O 3 3 

X O >44  c CPO 

hj>  -H  tu 

id  -h 

IN  CP  O 

o a)  o id  id  cn 

in  4J  m B 

CP  4J 

3 C 

X 

U 

o 

PI 

0) 

a) 

3 

o 

J 

M 

c u 

C O 

Q 

tu 

3 

O >3  C 

O T)  C 

O 

•H 

44 

•m  tu  id 

•H  3 3 

X 

> 

<d  > 

to  -P  > 

10  -P  > 

Eh 

M 

m 3 

C U T) 

C O >0 

W 

3 

a>  -h 

<U  0!  c 

3 3 < 

2 

44 

44  > 

B >-h 

E rH 

C 

■H  3 

■H  tu  C 

•H  3 C 

H 

PI  OS 

Cl  CO  -H 

Q CO  -H 

to  > C 


CO 

>3 

Z 

M 

O 

3 

3 

M 

• 

> 

CP 

CO 

to 

3 >3 

CP 

3 

Z 

> 

3 OS  C 

C 

c 

X M 3 

•rl 

3 

s 

u 

6 3 rH 

> 

X 

H 

■rl 

O 44  3 x: 

0 

Q 

44 

C O M 44 

rH 

o 

CO 

O 3 3 E 

l — 1 

44 

M 

•rl  C4 

44  M C M 44 

0 

Eh 

C -rl 

3 44  3 3 M 

X 

3 

< 

3 C 

<COUSO 

M 

X 

45  3 

a 

3 

•rl 

H 

O CP 

r-'  rr>  -».  Oj 

rH 

co 

PI 

3 M 

rH  tN  m HT  3 

3 

3 

U 

X o 

W«_r  w C/1 

os 

a 

>3 

C 

rH  3 

44 

CO 

1 3 M 

rH  44 

to 

OS 

3 ^ 

3 44  M 

M ~ 

o 

to  X rH 

43  3 3 WO 

(0  00 

■rl  rH 

X 

C rH  in 

CU  C rH  UP 

•H  VO 

45  r» 

EH 

M 3 <P 

E C » T)  -H  CP 

> o 

J CP 

D 

3 44  rH 

3 3 3 C 3 rH 

»H 

3 rH 

< 

m co  — 

U Q PI  iJ'' 

Q w 

a h- 

> {L 


19 


■H  ID  E n 

mi  • n)  o o 

fl  ns  <i)  ? o -u 

> N 44  C (0 

•H  (0  >i-H  G 


§6  44 

*H  *H  P>vH 

0)  Dir-l  > XX  U 
T)  M C_)  -H 
CO  44  Tl  d) 
<U  HUSH 

a « 3 u ^ 

<U  a)  C nrt  3 -H 

TJ  rH  O 0 13  44 

C XI  H M © 13 

H d *1  (I,  h ft 


<8  (3  0)  6 M Cl 

> N 4J  d)  d) 

■h  d c ft  p 

4J  C E 3 -H 

C <8  -H  O dl 

d)  O'r-i  d)  43  .C 

•O  M O M » 4) 

CO  O 

<D  H O’O'tJ 

Qj  ••  f0  d)  Q) 

o <v  c >*  > 

13  rH  O M 0 -H 

C45-H  Idrl  dl 

H 13  44  SB  ftU 


d> 

> d) 

•H  43 

44  d) 

M O M M 

a 44  -H  O 

d)  6 

3®  5 M 
oo  ns  O 
C >i  w 
oo  d)  43  "H 
13  44  > 

•O  M 

0)0  0)0) 
44  01  44  & 
(3  rH  IB  3 
6 <3  M 01 


01  I 
£ d)  I 

E > d> 

d)  -H  43 

44  44 


<44  % 

>1  d> 

r-4  T) 

•afis  m 

MO  O 

O £ 00  -rl 
> 0)  > 
IB  44  d)  (3 
44  o C 43 


z <d 

Cl  >i 

M 

W H 

3 44 

O 

0) 

a<  rt 

X3  *H 

44 

Cl 

w < 

O > 

M 

<3 

I 

Q > 

M -H 

d) 

13 

Oi  44 

04 

E 

m 

cd 

ai  di 

'd 

E4 

44  > 

13 

1 13 

ft 

u 

(3  -W 

M 

C d) 

p 

■ 

44  • 44 

(3 

3 >i 

c 

o 

oi  id  3 

43 

O 

•ri 

n 

u Cl 

d)  >H 

-P 

o 

o ai 

CO 

m a, 

c 

cd 

VO  44  X 

r-~ 

0 S 

0 

no# 

■«r 

Cl  $ 

o 

PH 

1 

o 

o 

|>i 

1 H 

i-3 

ai 

01 

M 

01 

H 

O 

M 1 

C 

(3 

s 

' 

£3 

3 P 

O 

C 

d) 

44  H rl  111 

0)  T)  P <8  C 

Tl  0)  d)  44  a) 

01  C ftC  6 

H4  X #4 

C.  G W E Q 


0 

| 

t 

•H 

Cm  ci 

• M 

c 

M 

4J 

•H  dl 

U1  0) 

0 

dl 

<TJ 

43  M 

> Cu 

■H 

4* 

N 

01  01  -H 

3 

44 

44 

M 

•H 

E >i  m a 

1-4  CD 

(3 

M 

0 

G 

d) 

0)  44  dl 

(3 

> 01 

O M 

s -P 

a)  ai 

M 

44  -H  13  »H 

43 

O d> 

04  dl 

c 

N CD  3 

W X 13  C 18 

O dl 

C rH 

04  d) 

0)  £ d) 

•r4  M 

44 

>1  dl  0)  M 0 

' — 1 rH 

C C 3 

3 04 

p ® i 

cd  o 

Cl 

U1  H id  O C3 

O -H 

ohk 

CD 

0)  Z 44 

3 

a 4i 

c 

13 

■iH 

EK  <3 

/*> 

M 

4-) 

0 

-N  44 

01  • 

* o 

M — « d) 

rH  (N 

4J  m o -o’  (8  in 

•H 

rH  d> 

H(N  01 

•H  U 

O «N  M 

cd 

— O 04  ^ 

-P 

•“  Q 

>-'  > 

^ M-l  3:  w fcH 

3 jC  > 

CD  M 

G d> 


Tl 

1 a> 

C C7> 

T3  1 

Jk*  VO 

3 M 

CD 

C rH 

•H  CN 

d) 

« 

<3  -H 

M rH 

1 M 43  -~ 

O 

A C3 

rr 

d)  — 

H O CH 

33 

d) 

<0 

-a 

d)  U dl  r* 

Eh 

M 13 

U cr* 

d)  c 

•H  C d)  os 

D 

O C 

a)  rH 

M d) 

M 13  M >H 

< 

&4  <3 

g — 

O4  01 

[4  H U ^ 

J Mil  hj. 


H. 


20 


M #5  *0  It) 
it)  P -H  O'  4) 
> O M M P 
-H  O o g 
■PM  E 
C -P  rH  H 
4)  W It)  • rH 
•0  -H  -H  O'  U 
C Q U C 

V 41  -H  rH 

Qi  ••  O'  C it) 
U;  w |Q  ‘*H  C 1 

flHBUO' 
C jQ  * U H 
H (0  X Eh  -P 


0) 

I I -P 
C I M 
•H  O O E 

10  M H 
H ftfiH 
EH  -HU 
O 

fl  4J  HIH 
-rl  4)  fl) 
M 03  O'  G 
U 0 G O 

rH  It)  -H 
>H  H XI  P 
it)  it)  O it) 
•H  <W  N 
U 4)  -H 
4>  O'  O C 
O'  C 3 fl 
H-Hfl  O' 


I SMH£ 
S 0 4)  n)  P 
O 

A to  O O 03 

W 4)  rH  -H  -H 

M P 03 

to  O 03  O 


§ § § 


e £. 

U M 0)  C -P 

o <u  o o 

Mh  XI  C <H 

M O'  tfl  to  O 
<U  -H  C <U  M 
ax)  -H  U P 

e o c 
•h  03  o o o 

K HI  13  to  U 


0)  to 

X!  P 
Eh  Q -h 
iS 

Oi  >, 
• JO 
10  O' 

M C C 

4)  -H  4) 

ggS 

o o 

MH  <*H  tO 
U U <0 

d)  a)  s 
a a 

O *H 

HXH 


I 03 
O'  3 C 
C to  <0 

•H  ^ 

4)  03  tU 
XI  H > 
td  *h  • 
to  X3  -P  <u 

m o > 


4J  0 M4J 

o q o 4) 
4)  -h  *h  a 
HEME 
■H  O 4)  O 
03  03  a o 


I 

m 

N 41 

•H  rH  p 

C <0  0) 
It)  C E 
O'  O -H 
H-HH 


Q >1 

O p u 

to 

1 1 

corn 

00 

03 

Eh 

m m p 

1 

1 

4) 

U 

E C 

:* 

c to  to 

3 

W 

•>  it) 

Id 

•H  -H  4) 

C 

•3 

CN  (fl  4->  iH 

03  P O 

■H 

CO 

■>*  M C 

tfl  O -H 

P 

D 

O 4)  3 T) 

H t/3  -H  4H 

c 

1/3 

* O'  0 

G 

4)  » M <P 

0 

ro  m o 

id 

XH  P O 

0 

1 

X 

c 

o 

to  -H 

H 

XI 

c 

H 

o 

O 03 

a 

•H  4)  4) 

W 

o 

tO  P O 

XI 

SB 

C O C 

PQ 

EH 

4)  4)  it) 

< 

E rH  > 

Eh 

* 

■H  4)  03 

a w < 

I 

it) 

N 4) 
■H  rH  P 
C H)  It) 
0)  C E 

O'  O -H 
(H  -H  rH 

O P U 


x:  n to 
O O XI 
M P t"  it) 
it!  UH  c 
4)  4)H 
tfl  M Q 
4)  -H  MH  H) 
« Q O « 


rH  tfl 

It)  c c 
•H  o X It) 

M -rt  to  6 

4)  to  It)  3 

O'  C Eh  * 
n)  4) 

C E 

ft)  -H  rH  IN 

£ Q 


4)  C 

O rH  -H  <11 

G >n  <t)  X O 

4)  P C it)  C 

P -H  O Eh  it) 

4)  rH  -H  I C 

amp  X -H 

E M O rH  to  g 

O O E O -H  O 

U £ W H 04  Q 

P 

— * —*  C *"•  —> 

HNn  O'tio 

WI»  » W y w w* 


M 

4)  si  tO  -v 

CO  4)  00 

■HP  C to 
4)  -H  03  H O' 
M 4)  C <t)  rH 
U ,3  it)  CQ  ~- 


03 

C 

It)  H 
4)  O' 
rH  rH  to 
rH  S O' 

m m rH 
a:  xi  — 


Halpin  Characteristics  Factor  1,151 

and  ofthe  Group  Analysis  teachers 

Croft  (1)  Disengagement  and  Prin- 

(1962)  (2)  Hindrance  cipals  in 


0) 

i a -p  a i 

•H  rH  0)  <o  I 3 ^ 

MNEUOO 
(■H  OH  DIM  « 
> MHH  Jl  tJi 

a)  o*  o c -a 

G S'  l§  TJ  83  5 S 

9)  G 8)  9)  -H 

83  <0  • -4J  4J  > 0) 

G x a)  c <8  u 

a)  -tJ  <u  <h  >,  a 

Oi  •■  « -H  0)  H M 

<u  a)  g m u ci  in 

83  rH  -H  O M > 9) 

CflH 
H fl  U 


O -H  M 

i o 4J  a 


>- 1 
r4  C 

<U  o 

>-H  . 

•H  +J  Q) 

+J  <8  U 
•H  N C 
W-H  «J 

asg 

_ o>  o 

83  M 44 

<U  o M 

4J  a) 

01-HH 

»4  £ «J 


G (X 
O 3 
■H  I O 
■P  M M 
(8  0 0 0) 
N <44  U 
•H  M * 3 
c 9>  8)  in 
Kl  A U (0 
O'  G 81 
M rH  (8  G 
OUEP. 


H O 

wSr2 

H B O 

r-  4J  in 


E v « i o 

o 4J  -h  a e *h 

M 3 O O O 4J 

<44  4->  O >4  O is 

*H  W (8  M H H 
fl  -U  8)  0 8)  3 8) 
4JtnJ4in-P4->g83 
(8GO<I»G3-HO 

Q H IK  K H aw  s 


G 
in  -h 
G 

O *0 
■H  8)  8) 
in  4J  o 
GOG 
a>  a)  is 
£ h > 
a)  t3 
q in  i8 


w 

z 

c 

tn 

44 

G 

o 

o 

•H 

0 9)  *44  1 

rH 

0 1 

H 

a) 

-H 

tn 

1-4  0 *r4 

■8 

*r4  C 

tn 

jG 

c 

4-> 

<8  a 

(UN  O' 

a c 

4-1  0 

z 

4J 

in  o 

(8 

at 

.G  -H 

o 4-i  in  c • 

•H  0 

<8  -*4 

1 

y 

N 

in  -h 

M 

o 

ftx: 

G W 9)  W 4-1 

■C  -r4 

O 4-> 

G 

5] 

0 

44 

8)  4J 

a) 

G 

g in 

9)  t3  a 

in  4-1 

•H  O 

O 

H 

4-1  (8 

o 

c o 

4J  83 

<8 

W M 

3 a 3 rH  9) 

G <8 

G <8 

-H 

Q 

•H  g 

44  3 

in  -h 

> 

9) 

m -h  4J  i8  a 

9)  > 

3 G 

9)  in 

44  *H 

M 

O 83  in 

3 in 

8)  M 4J  83 

O'.C  -H  -r4 

"O  -rH 

| 9) 

O -r4 

W 

a 4J 

0 

O 0 -H 

G G 

•H  0 

in  <8 

G in  4->  >4  O' 

18  4-1 

g -U 

c o 

jH 

in  c 

•H  >4 

H 4 MB  O 

M -H 

0 9) 

0 G 4-1  4-1  G 

9)  0 

0) 

O C 

9)  9)  O' 

W H 

> <u 

< C4  <3  Eh  U 

O >U  J 

9)  CJ  9)  < in  -r4 

J £ 

9)  U H 

3 a C 

2 

(8  *o 

A 

<0 

rH 

83  3 G 

o 

rH  'H 

M 

JB  <8 

— —a 

r— v 

**-*  #— s 

N 

<8  ^83  9) 

r-%  r-» 

G 

x-s,  j— * 

<44 

•3 

CO  Tj* 

a)  a> 

ir>  vd  g 

oo 

r4  9)  IN  08 

■prf  Jim  G 9) 

r4  (N 

0 ro  49- 

G U8  (8 

U 



m ^ 

w w W 

w w 

CQ 

w 

'•'J-H  C 

«_»  — ' 

<44 

H — S 

C ~-d 

•r4  4J  (N  - 
a 4-1  VO  +J 

rH  83  O O'  G 

It  C tin  o 
b no''  u 


(8 

.*  00 

N 40 

Ofl  k<n 
(d  -H  iH 


i 


I 


■ 


* 


t! 


c 

W 

i •a  p © 

1 

1 o 

•HTJ  M fl  O 0)  4-> 

•h  a i 

•H  *H  1 

a) 

C © 03  © id 

PHI  p 

P P to 

a) 

© ft-H  X 0)  > E 

id  js  p to  <o  i to  O' 

id  <d  -h 

p 

O O © -H  -H 

>w<uid4J-HidC 

> n a 

* c 

•>  © C P > P >H 

HTJ  > OH 

-H 

G Q> 

P Ov-H  fl  H O 0 

w 

p © © t)  o e 

P C • 

O to 

© © O g P g 

a 

Cd  v o x:  <o 

G id  ai 

•H  X> 

> P O O >< 

z 

ai  id  p h iJ  p u > . 

(0  o>P 

p id 

O © P E ■O  XI 

H 

■a  © ><  g o -h  p © 

-a  p id 

o 

G > © O C 

Q 

C ft  4J  Id  ^ OH 

cog 

<d  to 

p « o o c «d 

z 

0)  • to  P P 4 P 43 

0)  -H 

p 3 

3 C ft  © © 

M 

ft  ••  © pc  c id 

ft  •*  rH 

to  O p S Id  © to  to 

fa 

O OH  ao  It  O-HH 

a)  © u 

*H  -H 

O E 45  S rH  3 

TJ  rH  >,-H  ft  C P P 

n rH 

PplOrHpPPPO 

G.QP43g-H©C© 

CRH 

id  © 

C © O -H  © -H  p 

h©ww-hee©> 

h id  id 

to  to 

© X)  P S 43  O'  « 

G 

c 

o a> 

0 g 

tv 

H 

C -H  o 

•H  to 

o 

2 W 

O P c 

P -H 

c 

w ^ 

■H  O id 

OOP 

id 

S 3 

p «j  e 

id  a)  a) 

£ 

£ 5 

© p p 

p p > 

P 

W M 

> to  o 

to  c 0 

O 

ft  ?3 

■H  -H  P 

•HOC 

P 

w < 

P P P 

p to  P 

p 

Q > 

0 id  a> 

<d  p 3 

a) 

X w ft 

W 3 Eh 

a< 

w 

i 

id 

# 

o 

T3 

Eh 

to  P 1 P 

to  1 P 

•H 

<D 

u 

03  P 0 X G 

rH  > ft  rH  >, 

3 

M 

HORWO 

P P a) 

A -P 

G 

id  © id  E 

-H  0)  -0 

•H 

« 

ft-nft  >i-H 

O'  to 

QtH 

P 

ft 

43  p P 

a) 

•H 

c 

W 

W 3 G 0 <U 

O'  C O P P 

0 

o 

HT  to  >H  P ft 

rH  *H  »r4 

O 3 

X 

to 

1 

u 

c 

(1)  1 

4-1 

o 

tO  *H 

to  to 

0 

M 

ft 

c 

c oo 

H 

o 

0 T> 

O'  0 1 3 P 

a 

Q 

•h  © © 

rH  C ft  G O’-H 

0 

W 

O 

tO  P O 

id  -h  to  « id 

•H 

ft 

W| 

cue 

o ft  0)  fto3  c 

cn 

Eh 

a)  a)  3 

•H  3 P 0 © G 

•H  £ 

£9 

g p > 

O'  0 IQ  0 

> C 

Eh 

£ 

•H  © 'O 

0 P P 0 C -H 

Q)  O 

Q UI  3 

HO  OP  OP 

05  ft 

w 

>i 

>, 

a 

P 

P 

o 

O' 

1 

■H 

•H 

H 

c a) 

c 

i — 1 

• 

rH 

W 

•H  O 

■H 

<1 

•H  i(J 

CP 

•H 

2 

P c 

© 

0)  XI  c 

s 

a)  xi 

to 

p © 

p 

P -h  id  P 

P -H 

© p >1 

£ 

OH  E H 

5 

3 to  U 

3 to 

P p O P 

H 

wop 

2 

P G 03  Xl  P -H 

S 

P G ©> 

£ 

p © -H  -H 

Q 

1 1 P O 03 

o 

OOP  P O rH 

O 

OOP 

P 

O © H p 

r-l  P P 

c 

Cm 

3 ft  © 4*  g OHP 

fa 

3 ft  id  E 

ft  C p c 

M 

<0  C P 

© 

pto^toppftidC 

P to  s 

CO  H 

ft  © c © 

Eh 

o o a) 

p©©-h  ©px>0 

p a)  <u 

•H  (tl 

SPOT) 

OUft 

to 

w os  os  os  sc  ow  o u 

W05  05  052WWUM 

£ 

*H 

ft  p 

H 

X— •*  /■% 

nj 

O' 

ft  * — ■ ft  * — ■ 

ft 

vo  r*  oo 

0 

a 

ri  n n h1  in  3 to  ftr- 

rH  cm  ro 

in  vd  oo  a> 

o 

WWW 

u 

•H 

WWW 

W V«»  ' 

W 

05 

P r.© 

c 

P 

© 

O'—' 

O 

P r — 

•H 

a oo 

X 

© VO  P 

4 

•H  VO 

Eh 

X o'  C 

P >o 

P O' 

ft 

•H  rH  o 

•H  C 

P rH 

< 

ft  ^ o 

ft  © 

w — 

23 


T3  41 

M * to  O' 

* <0  >ltJ  rH  Bj 

•C  » -M  M <0  c 

nJ  0)  -H  BJ  M HJ 

' • g « H -O  o m as 

■MM  -rl  G 'M  0) 

C id  *X1  id  -M  c 

41  £ >i-rl  -M  -O  4-1  -H 

E M 01  Cfl  <D  BJ 

5 m-h  c -n  a) 

O'  41  HJ  Q ' M -U  O'  • 
bj  js  c a*  o c c -m 
CO^moiaidBJC 

BJ-HBO  41  -rl  IM£  01 

SSHBiKhQiUE 


I I 

I M HH 

•tj  BJ  I M -rH 

BJ  N BJ  BJ  B3 

I • J3  -H  NO. 

•rl  -M  C -H  >, 

M C -M  id  • q oi  J3 

bj  <u  c o>  a)  bj  <u 
> E 41  M -M  0>-M  'O  • 
•PiOBJMBJUJoi 
HJ  U HJ  EOgCAJ 

C Bl  M HJ  -rl  -M  -H  W 

OJABJOH^HEuJ 
-oiuacocuC-M 
C Q 41  -H  <u  4) 

4)  Q M rH  M rH  M M 
(X  ••  01  id  41  Bj  4)  C 

4)  4)a5*H  C Hh  C tJ  4) 

'OiHO'OO'^O  M 
C b)  -h  -h  -h  >i  o) 

H Id  W BJ  *J  Q -P  HIM 


a 

TJ  41  C 
I C H U 4) 

-H  <d  c oi  *o 

M C 4)  > C 

BJ  01  -rl  U HJ  <d 

>+jj=4)l- 
C -M  ph  Jj  o 

HJ  BJ  -M  >M  <M 

C H > -H  4)  C 

41  CX  Q -M  B 

•Q  m id  rH 

cm  a 6 a 

4)  3 • -H 

a ••  O -M  rH  (N 

41  41  h S U 

'O  H O'  id  4) 

C jQ  rlfi£ 

W id  IN  Q,-rl  H-> 


I 

BJ 

N 4) 
•rl  rH  HJ 
0 Bl  BJ 
BJ  C g 

O'  O -rl 
M -rl  rH 

O HJ  U 


I 

BJ 

N 4) 
•H  I— ! 4J 

§bj  bj 
c g 

O'  O -H 

M -rl  rH 

O -M  U 


BJ 

N 0) 
•rl  rH  HJ 
C Id  BJ 
BJ  C g 
O'  O -H 

H-HrH 

O -U  U 


I 

4) 

• M • 
co  -a 
■M  -M  $ 
C O -M 


a bj  bj  c m 

i§  -5  -w  az  a 


4J  • 

• i a i i c -m 

mm  -h  o 4)  4)  a 

-M  BJ  JH  TJ  g 41  4) 

an  aa  ao  h d 
4)  a <0  3 p om  a 

Q U O > O rH  I O M 

C-HM01341O4141 
r~  -H  +J  O'  C TJ  > m aa 


i bj  c i 

O C -h  g n 

M O rH  5 4) 

ft  H Cl  4) 

m rH  >-,IN 

O 01  TJ  Id  o 
in  ii  C oh  c 
m <m  id  -rl  a-H 


; 

Q 

0) 

H 

a 

— 

M 

O 

m -rl 

M 

i 

Q 

•H  » 

4) 

w 

O 

u m -m 

O'r^ 

{• 

Ml 

X 

O >i-H 

C 00 

i 

S 

Eh 

HJ  «H  M3 

•H  lO 

\ 

U 

O BJ 

t)  MO 

\ 

E-i 

2 

BJ  C «M 

G 4JH 

\ 

a < o 

BJ  01  -h 

rH 

■M 

id 

O' 

•H 

c 

c 

rH 

o 

-H 

■H 

•rl 

c 

XI  01 

-M 

••H 

-rl  >0 

bj 

BJ 

oi  M 

01  N 

M 

>.  C S 

•0  -rl 

HJ  HJ  O TJ 

H C 

01 

■H  a c 

id  id 

c 

g 01  Id 

» O' 

o 

C 4)  HJ 

4)  M -M 

U OKWKO-H 

UH  u 

r-  c •“»  « r—  BJ 
rH  o CH  CO  IT)  rH 


M 

4) 

C O'-— T) 
•rl  C 00  - 

s -rl  i£>  -M 

HJ  TJ  M O'  C 

■rl  c -M  rH  o 

j bj  w w o 


J&  4L 


w 


rH  *rl 

IQ  k <0 
k P P 
© O C 

R ID  O 
OHH 

uh  a 

0) 

k 

•H 

to 

© 

a 

k mh 

c 

3 O 

0 

P 

OT  © © W 

•H 

<0  » 

3 0>P  © 

P 

k © 

O © to  *rl 

(0 

© -rl 

•OH  g |Q 

© 

P > 

k rH  -rH  3 

3 

■H  © 

O OHP 

O’ 

P PS 

> o o tn 

u 

o 0)  4J 

•H  OJ  k O c 

C k O O © 

3 © g M k 

•r— i CP  © M 

« g CH  E 

O G O fC  P k 

<N  (0  k XJ  -H  -H 

rH  g <4-(  +J  T3  U-l 


3 TJ 
4J 

O >t 
0)  rH 
rH  k 
rH  to 
a)  rH 

P o 

c xs 

H O 

to  c 
— o . 

H MH 

o m ■ 


to  c 

a -h  ■> 

O rH  a 

•h  g -a  o 

P 01  fl  -H 

(0  -W  © P 

m o P -h  to 

k O to  k -H 

© > g h rH 

P & -H 
4-»  - — ■ ftJ  — - <*-4 

On  k<r  *4 
g — 04^  to 


to  m o 

rl  C P 

u o ~ c 

O-Hin  O 

01  P "r  u 


k rH  o 
0 O Z 

z k © 

M -P  rH 

W C ^ P 
4)  tN  OM-rl 
G '*-»  U P 


w 

PS 

O k oo  - 

00 

33  © vo  p 

a)  vo 

Eh  >i<y>  C 

o o> 

D © rH  o 

aj  H 

< S O 

a<  w 

Shtj  a)  en 

to  C X!  rH 
& (0  Pi  w 


(4)  (No 
title) 


■H  01 

Ml*  M O I 

•0  Id  01  rH  O TJ  PM 

> n p (0  e a>  i a) 

•H  id  G P w c o* 
PGEO01<d-H<d 
G 10  -*H  -<H  AH  *»GH 

a)  cn^H  p > at  <o  p ic  • 

■O  M U <0  MW  3 01 

GO  NO)  CTJ  o 

41  H -H  4J  >i.Q  O H C 
Oi,*HlCflHO,H>fl 
(MJCOEG»14J-hE 

oh  o O'-H  o>  ot)  S 

fifl-HMHHOBCO 
M lOPOU,CP,P-r(<IH 


01 

« • E 

G C M -*H 

10  -H  3 »P 

£ « 

01  G 0) 

11  MHO 

a)  c 

rH  cp<n  (8 


G 

01  -H 

G 

0 T3 
•H  fl)  0) 

01  4J  a 
cue 
a)  <u  nj 

£ rH  > 

•3  ai  t) 

Q 01  rtj 


w 

z 

>i  O 

, 

i 

G 

o 

• 

i 

O P 

M 

i 

0) 

Cl 

1 

H 

01 

(0 

0)  G 

Id 

>h  di 

01 

G 

Oh 

w 

> 

rH 

O d)  c 

rH 

P G G > 

rH 

rH 

>1 

41 

0) 

z 

<u 

a> 

CO  o 

o 

•H  O C O -H 

id 

<d 

o 

O' 

•o 

a 

>lP 

IX 

M oh 

<0  C -rl 

Oh 

rH  -H  o -H  P 

•H 

•H 

rH 

< 

c 

2 

g o 

G 

3 O 

£ 0)  P 

•H  P -M  P M 

M 

u 

Oh 

M 

H 

O H 

O rH 

P 

c am 

01 

A o oi  0 o 

0) 

a> 

E 

1 

Q 

G rH 

•rl  flj 

O rH 

o 0)  > 

3 

•rl  > -H  N a 

O' 

O'  01 

W 

•0 

p 

0 hh 

P -H 

3 0) 

oh  a -h 

P 

X O O -H  Oh 

id 

«d 

M 

M P 

c 

W 

P G 

(0  0 

M > 

CO 

M P 

01 

m 

G 

01  G d)  rH  3 

CPC 

3 

» 

CPU 

0) 

Eh 

3 O 

M O 

p ai  >a 

0)  V 0 

> p 

O rH  G Q « W 

10 

M i0  P 

0) 

M 

C H 

O' 

< 

< O 

0)10  (IIOIP 

M Oh  M £ 

OlWHInH  M 

£ 

a* 

0 

z 

0)  HH  < 

2 

a c 

<d 

<d 

•H 

-u 

— p * — - 

0) 

3 

0 

4H 

M 

x->  x~^ 

O -v  0 

X— S x*“s 

,C 

<d 

hooch 

CO 

Qh~> 

M 

x-^ 

c 

— c 

^-S 

Hi 

rH  CM 

o n -h  •»  in 

a)  vo  a)  i— 

U 00 

N 

W C rH  01  rH 

a) 

rH 

3NPn 

Oh  on 

O 

w >— <* 

U — P 

OS 

< 

«w* 

•H 

— 18  'r  U ^ 

c 

w w 

W 

W 

E> 

— u 

w 

O 01  ro 

■p  o 

■HO  MOl 
MG  <0  rH 
0*  10  « 


Q)  P 

■O  P 

•ri  ai  -s 

V H 00 

C -P  vo 

•C  T3  M O' 

O 6 Jh 

w «)  n 


26 


Is  w 

w P 

g§ 

W H 

ft  ft 
W < 
Q > 


co 


■a 

EH 

a) 

U 

3 

M 

G 

•H 

g 

P 

o 

G 

CO 

0 

O 

XI 

1 

o 

H 

i 3 

M 2 

w 

Bfl 

1 O 

X 

33 

S 

i 

E- 

I s 

(0 

I -H 

> g 

in  -H  rl 

3 p xj  e 
•h  o <u  ■3 
p < e 3 

•H  p 
> 0 - 

•rH  • 4-4  rH 
3 P T3  P 3 

o O HI  <U  -H 


•rl 

P 

(d 

> 

P 

g 


G < 
a)  m 
o<  ••  o 
a)  a)  m-i 
XI  <-H  P 
G P 3 
m 3 ft 


ftx: 

o 


W O -H 

3 p p 

■rH  (fl  (0 
P ft  P 
•rH  — P 


• 'S 

T3  ftP 
G O 3 
IdHH 
3 3 

- > p 
p a> 
a ts  a> 
a)  p 


3 id 
> G 


o 

CO  P 
P G 
a)  a) 

ft  e 


3 

G 

o 

•rH 

p 

id 

N 

■rH 

G • 
Id  ID 
OiP 
u id 

o e 

■rH 
O rH 

P U 


a) 

p 


i 

id 
N 

•rH  ■ — I 

G id  id 

id  c e 

O'  O -rH 
P -rH  rH 

O P U 


I 

x: 

■p  m 
id  -P 

U CO 

o a> 

n 'rH  'rH 
r-  rH  M 

n Oft 


i 

■p 

X! 

3 

G 

P 

O G 

0) 

in 

id 

ID  *rH 

e 

g 

> 

X 

0 

f6 

p 

0)  in 

O'  P 

3 

0) 

id 

tnx 

IN  > 

G 

0 

1*1  -rH 

id 

p -p 

(S  u 2 

ft 

(U 

m 

(0 

•H 

•rl 

P CO 

p in 

0 X 

O X 

P rH 

P rH 

o id 

O 3 

3 G 

3 G 

ft  5 

ft  < 

V 


in 

Cr> 

•rH 

C 

p 

3 

3 

3 rH 

CO 

V)  > rH 

p CD  -H  3 rH 

1 — 1 

O 3 -P  X!  3 

3 

•H  G P CJ  C 3 

p 

P 3 Q X 0 o 

<0 

3 > ft  6 X in  G 

G C 

Q«-H  ft  0 p P 3 

a)  o 

3 -P  3 C O 3 -P 

u -H 

CO  O CO  0 & ft  ft 

■p 

3 P 3 

r->  0 

»^«  O 

\0  3 

r-i  4-i  in  < ro  rr  o 

-rlP 

— w — — < 

P 

p 

3 

p 

3 

co 

XJ 

p 

•a 

ft 

•r) 

3 ~rs 

•H 

O 

3 

rH  00  - 

3 

CM 

X 

C 

P VO  P 

G 

rH  r- 

£h 

X3rHOI 

3) 

o 

G 3 rH  0 

o 

G 3 rH 

< 

CO 

3 m o 

CO 

3 X 

I 


XJ 

C 

1 

G 

r-H 

4-1 

4H 

o 

o 

3 

3 xj  0 

0 

ftp 

(U 

c 

G 

3 3 <P 

G 

0 

3 in 

in 

O < 

in 

O 

•H 

—•  „ Q) 

<y 

P 

•H 

■rH 

W 

3 -H 

•H 

Cn  ' 

•P 

P 

in 

3 CO  P 

HJ 

CO 

CJ 

0) 

P 3 -H 

in 

•H 

P P 

cn 

3 

Q)  4-^ 

HIOrH 

P rH 

0 rH 

p 

o o x:  3 

0 

3 XJ 

•H 

C P 

ft  M 3 

•rH 

P 

m 

G 

Q 

3 ft 

w 3 a p a 

. a) 

3 

X) 

0 P 

3 

p ft 

G 

•rH  r- 

6 3'-' 

ft 

•r-H 

ft  •— • 

X 0 

r-H 

3 IN 

P P ro 

3 ^ 

3 in 

6 •rH 

— 

o 

< in  — 

CO 

a 

0 P 

•rH 

P r~. 
3 co 
•H  10 
CnOH 

Id  rH 

Eh 


I 

I 

I 


t 

t' 


w 

« 

M 

w ^ 

O 

O 

U o 

* 

H 

<D  r- 

£ 

>iT> 

£ 

b 

<0  C 

0 rH 

< 

H <0 

CQ  w 

Table  III  contains  summaries  of  the  follow-on 
organizational  climate  studies  reviewed  by  this  writer. 
Follow-on  means  studies  that  employed  previously  derived 
instruments  or  dimensions.  Those  studies  were  examined  in 
addition  to  the  studies  in  Table  II  to  gather  further  evi- 
dence for  the  issues  of  effect  on  behavior  and  redundancy 
with  job  satisfaction. 

Table  III  references  the  Friedlander  and  Margulies 
(1969)  study  cited  earlier  on  organizational  climate  and 
satisfaction.  The  table  also  contains  a number  of  studies 
that  tested  organizational  climate  as  the  dependent  variable 
not  as  the  predictor  of  behavior  alluded  to  in  several  defi- 
nitions. 

2.1.3  Conclusion 

Examination  of  conceptual  definitions  of  organi- 
zational climate  causes  one  to  note  the  divergence  of  defini 
tions.  Unresolved  issues  surrounding  the  conceptualization 
concern  the  dimensionality  of  the  construct,  its  effect  on 
behavior  and  redundancy  with  group  norms , its  redundancy 
with  job  satisfaction,  and  its  people  or  organizational 
orientation. 

Analysis  of  the  operational  treatments  of  organ- 
izational climate  underscored  the  variability  of  the  dimen- 
sion. Some  studies  supported  the  confounding  of  organiza- 
tional climate  with  job  satisfaction. 
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Due  to  the  foregoing  shortcomings,  it  is  suggest- 
ed that  more  work  needs  to  be  performed  at  the  conceptual 
level.  Specifically,  more  attention  is  required  to  define 
what  is  included  in  the  term  (i.e.  the  dimensionality  issue), 
and  to  clarify  the  people  vs.  organization  issue,  and  its 
relationship  with  job  satisfaction.  If  these  questions  can 
be  dealt  with  successfully,  then  the  question  of  effect  on 
behavior  might  be  explored  with  more  clarity.  Until  then, 
its  comprehensibility  is  elusive  and  its  utility  is  debatable. 

However,  it  is  doubted  that  all  the  questions  can 
be  resolved.  The  people  vs.  organization  issue  seems  to  be 
an  intrinsic  handicap. 

In  addition  to  outright  rejection  of  the  use  of 
organizational  climate  in  this  study,  at  least  two  other 
separate  messages  became  clear.  First,  no  attempt  was  made 
to  present  a unifying  construct  that  tied  together  all  the 
organizational  variables.  Second,  measurement  of  an  organ- 
izational variable  via  the  perception  of  an  individual  was 
not  attempted.  When  such  a measure  was  obtained,  it  was 
not  treated  as  a measurement  of  the  organization,  but  rather 
a measure  of  the  individual. 

Once  the  organizational  climate  concept  had  been 
rejected,  a search  for  organizational  variables  from  relevant 
empirical  studies  was  begun. 


2.2  Organizational  Variables 


2.2.1  Review  of  Empirical  Studies 


Hoping  to  identify  a preliminary  set  of  organiza- 
tional variables  for  possible  inclusion  in  this  study,  the 
literature  was  combed  for  empirical  studies.  The  studies 
related  specific  organizational  variables  with  a measure  of 
output  of  scientists  and  engineers  in  an  R&D  setting,  or 
with  a measure  of  original  output  in  a controlled  laboratory 
experimental  setting.  One  might  question  the  applicability 
of  some  of  the  controlled  laboratory  experiments  to  a R&D 
setting.  However,  since  the  purpose  was  to  identify  a pre- 
liminary set  of  variables  for  futher  testing,  the  point  is 
not  argued.  Table  IV  is  a summary  of  the  studies. 

Several  lessons  are  apparent  from  Table  IV. 

First,  the  variety  of  measures  employed,  both  of 

% 

organizational  variables  and  of  criteria  measures,  severely 
hampers  comparison  and  contrast  of  the  studies.  Comparison 
is  also  hampered  by  the  different  levels  of  analyses,  rang- 
ing from  the  individual  to  the  entire  laboratory. 

Second,  several  studies  used  the  organizational  cli 
mate  approach  of  relating  individual  perceptions  of  organiza- 
tional variables  to  individual  output  measures. 

Third,  the  variance  of  criterion  measures  employed, 
all  with  the  same  label  of  creativity  or  innovation,  is 
astounding. 


*.i  * 


ORGANIZATIONAL  ORGANIZATIONAL 

authors  Variables  variables  measure  criteria  measures  subjects  findings 
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This  variance  requires  detailed  exploration  in  the  criterion 
section  before  selection  of  a measure  for  use  herein. 

In  spite  of  the  variety  of  both  organizational  and 
criteria  measures  employed  and  the  resulting  difficulty  of 
comparison  of  studies,  some  variables  were  recurring  (at  least 
in  title) . 


2.2.2  Categorization  of  Variables 

Table  V recategorizes  the  organizational  variables 
according  to  approximate  commonality.  Four  categories  of 
variables  are  presented:  group,  supervisor,  other  organiza- 
tional and  statistical  control.  Some  variables  cure  in  more 
than  one  category  due  to  their  multiple  applicability  or 
ambiguity. 


TABLE  V 

CATEGORIZATION  OF  ORGANIZATIONAL  VARIABLES 


A)  GROUP  VARIABLES 

1.  * Frequency  of  communication  - Pelz  and  Andrews  (1966) 

* Frequency  of  colleague  contact  - Pelz  (1956) 
Communication  channels  - Smith  (1970) 

* a.  Meetings  - own  work  group 

* b.  Contacts  within  research  team 

* Communication  (high  levels)  - Keeler  (1966) 

* Contact  - Farris  (1969) 

* Time  spent  contacting  colleagues  - Pelz  and  Andrews 
(1966) 

* Collaboration/coordination  - O'Brien  and  Ilgen  (1968) 

* Collaboration  among  researchers  - Lawler,  Hall  and 
Oldham  (1974) 

* Consultation  (Work  group  integrated)  - Smith  (1970) 


* Statistically  significant,  or  substantial  if  significance 
not  reported. 
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TABLE  V - continued 


* Interpersonal  collaboration  (Knowledge  Based  Risk  Taking) 
- Aram,  Morgan  and  Esbeck  (1971) 

* Group  research  - Keeler  (1966) 

* Cooperative  departmental  organization  (Group/Team 
activities)  - Kallick  (1964) 

2.  * Group  age  - Pelz  and  Andrews  (1966) 

* Group  stability  (Open/Closed)  - Ziller,  Behringer  and 
Goodchilds  (1962) 

* Group  age  - Shepard  (1956) 

3.  * Colleagues  held  advanced  degrees  - Owens  (1969) 

* Colleagues  held  advanced  degrees  - Means  (1966) 

4.  * Colleague  dissimilarity  (Previous  employment,  science/ 

organizational  orientation  - Pelz  (1956) 

Group  heterogeneity  - Smith  (1971) 

* a.  Achievement  values 

* b.  Organizational  opportunities 

* c.  Technical  functions 

Technical  conflict  peers  - Evan  (1965) 

5.  * Number  of  colleagues  in  own  group  - Pelz  and  Andrews 

(1966) 

* Team  size  - Wallmark  and  Sellerberg  (1966) 

Group  size  - Gibb  (1951) 

6.  Supportive  peer  relationships  - Owens  (1969) 

Supportive  peer  relationships  - Means  (1966) 

Interpersonal  collaboration  - Aram,  Morgan  and  Esbeck 
(1971) 

a.  Support  and  integration 

b.  Open,  authentic  communications 

Cognitive  sensitivity  of  group  - Andrews  and  Gordon 
(1970-III) 

* Coworker  empathy  - Keeler  (1966) 

Member  compatibility  - O'Brien  and  Ilgen  (1968) 
Interpersonal  competence  - Connor  (1974) 

Interpersonal  conflict  peers  - Evan  (1965) 

7.  * Threat  reduction  - Gibb  (1951) 


B)  SUPERVISOR  VARIABLES 

1.  * Technical  skills  - Andrews  and  Farris  (1967) 

* Technical  Knowledge  - Smith  (1971) 

* Supervisor  published,  contributed  to  patents,  M.S.  or  Ph.D. 
- Owens  (1969) 
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TABLE  V - continued 

* Supervisor  published,  contributed  to  patents,  M.S.  or  Ph.D. 

- Means  (1966) 

* Creative  prestigious  scientists  - Keeler  (1966) 

Supervisory  original  ideas  - Smith  (1971) 

2.  * Frequency  of  contact  with  supervisor  - Pelz  (1956) 

* Contacts  with  supervisors  - Smith  (1970) 

* Frequent  management  contact  - McCarrey  and  Edwards  (1973) 

3.  * Participatory/supervisory  leadership  - Anderson  and 

Fiedler  (1964) 

* Influence (individual)  - Farris  (1969) 

* Participative/autocratic  leadership  - Hill  (1970) 

* Shared  influence  - Smith  (1970) 

Leadership  style  (consultation)  - Andrews  and  Farris 
(1967) 

* Strong/weak  workers  - Hoffman,  Harburg  and  Maier  (1962) 

4.  * Participation  in  determination  of  projects  - Harrison 

(1974) 

Individual  responsibility  for  initiating  new  activities- 
Andrews  and  Gordon  (1970-1) 

* Participation  in  establishment  of  management  objectives 

- Harrison  (1974) 

* Supervisory  influence  on  goals  - Andrews  and  Farris  (1967) 

* Amount  of  (individual's)  influence  on  goal  setter  - 
Pelz  and  Andrews  (1966) 

* Major  sources  of  weight  in  goal  setting  - Pelz  and  Andrews 
(1966) 

5.  * Individual  influence  in  decision  making  - Andrews  and 

Gordon  (1970-1) 

* Participation  in  decision  making  - Harrison  (1974) 

* Number  of  decision  making  sources  - Pelz  and  Andrews 
(1966) 

6.  * Critical  evaluation  - Andrews  and  Farris  (1967) 

* Neutral  sounding  board  - Smith  (1971) 

* Visibility  of  consequences  - Gordon  and  Marquis  (1966) 

7.  * Superior  non-interference  - Andrews  and  Gordon  (1970-1) 

Freedom  from  laboratory  management  - Harrison  (1974) 
Leadership  style  (freedom)  - Andrews  and  Farris  (1967) 

* Freedom  (from  superior)  - Gordon  and  Marquis  (1966) 

* Freedom  - Meltzer  and  Salter  (1962) 

Professional  autonomy  - Lawler,  Hall  and  Oldham  (1974) 

* High  external  controls  regarding  punctuality/super- 
visory flexibility  - McCarrey  and  Edwards  (1973) 
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TABLE  V - continued 


I 

i 


8.  * Human  relations  functions  - Andrews  and  Farris  (1967) 

* Relationship/rapport  with  superior  - Harrison  (1974) 
Supportive  supervisory  relationship  - Owens  (1969) 
Supportive  supervisory  relationship  - Means  (1966) 
Leadership  style  (LPC)  - Fiedler  and  Barron  (1967) 
Leadership  style  (LPC)  - O'Brien  and  Ilgen  (1968) 

* Supportive  friendly  supervisory  relationships  (Informal 
new  line  organization)  - Kallick  (1964) 
Dominant/considerate  foreman  - Hoffman,  Harburg  and 
Maier  (1962) 

Interpersonal  conflict  supervisor-subordinate  - Evan 
(1965) 

9.  Leader-member  heterogeneity  - Smith  (1971) 

* a.  Achievement  values 

* b.  Organizational  opportunities 

* c.  Problem-solving  approaches 

* d.  Technical  functions 

Technical  conflict  supervisor-subordinate  - Evan  (1965) 

10.  * Administrative  functions  - Andrews  and  Farris  (1967) 

* Global  supervisory  planning  - McCarrey  and  Edwards  (1973) 

11.  * Enthusiasm  - Smith  (1971) 

* Encouragement  - Smith  (1971) 

12.  * Time  pressure  - Andrews  and  Farris  (1972) 

Time  pressure  - Hall  and  Lawler  (1970) 

13.  * Quality  pressure  - Hall  and  Lawler  (1970) 

* Chance  to  do  a good  job  - Meltzer  and  Salter  (1962) 

14.  * Financial  goals  pressure  - Hall  and  Lawler  (1970) 

* Frequency  of  non-formalized  research  - Vollmer  (1963) 

15.  * Reward  structure  - Keeler  (1966) 

* Rewards  contingent  on  performance/informal  new  line 
organization  - Kallick  (1964) 

* Criticality  regarding  advancement  (role  of  organiza- 
tional politics)  - McCarrey  and  Edwards  (3973) 

* Recognition  for  research  - Vollmer  (1963) 

* Opportunity  to  do  basic  research  - Vollmer  (1963) 

* Opportunity  to  be  a project  leader  - Vollmer  (1963) 

* Freedom  of  choice  in  research  assignments  - Vollmer 
(1963) 

Incentives  related  to  resources  and  career  development  - 
Vollmer  (1963) 
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TABLE  V - continued 


C)  OTHER  ORGANIZATIONAL  VARIABLES 

1.  * Decision  making  centralization  - Keeler  (1966) 

* Decentralized  influence  - Smith  (1970) 

2.  * Organizational  loyalty  - Keeler  (1966) 

* Scientific  non-profit  organization  - Kallick  (1964) 

* Balanced  local-cosmopolitan  orientation  - McCarrey  and 
Edwards  (1973) 

3.  * General  organizational  climate-  Ellison,  et  al.  (1968) 

* Work  group,  br cinch,  division,  department  and  laboratory 
in  general  - Ellison, et  al.  (1968) 

4.  * Freedom  to  publish  - Harrison  (1974) 

5.  * Number  of  seminars  within  laboratory  - Harrold  (1969) 

* Meetings-own  division  - Smith  (1970) 

* Meetings-other  division  - Smith  (1970) 

* Internal  communication  memos  - Smith  (1970) 

Contacts  elsewhere  in  company  - Smith  (1970) 

Meetings-  all  divisions  - Smith  (1970) 

* Frequency  of  colleague  contact  - Pelz  (1956) 

Bottom-up  and  top-down  communication  - Harrison  (1974) 

* Consultation  structure  (decentralized,  horizontal, 
multi-directional,  formal,  functional,  extradivisional) 

- Smith  (1970) 

* Time  spent  contacting  colleagues  - Pelz  and  Andrews  (1966) 

6.  * Communication  channels  (professional  societies)  - Smith 

(1970) 

Number  of  personnel  attending  technical  society  meetings 

- Harrold  (1969) 

7.  * Salary  - Farris  (1969) 

* Average  salary  - Harrold  (1969) 

8.  * Diversity  of  activities  - Farris  (1969) 

* Diversity  of  activities  - Pelz  and  Andrews  (1966) 

Wide  range  of  projects  - Hall  and  Lawler  (1970) 

Assignment  generality  - Lawler,  Hall  and  Oldham  (1974) 

* Role  diversity  (administrative,  consultative  and  goal 
setting  activities)  - McCarrey  and  Edwards  (1973) 

9.  * Direct  customer  responsibility  - Hall  and  Lawler  (1970) 

* Lack  of  customer  contact  - McCarrey  and  Edwards  (1973) 

10.  * Number  of  professionals  - Harrold  (1969) 

* Laboratory  budget  - Harrold  (1969) 

* Number  of  subordinates  - Farris  (1969) 


TABLE  V - continued 


Expediency/size  - Kallick  (1964) 

Size  - Lawler,  Hall  and  Oldham  (1974) 

Size  of  organization (number  of  professionals)  - Meltzer 
and  Salter  (1962) 

Number  of  colleagues  outside  own  group  but  within  or- 
ganization - Pelz  and  Andrews  (1966) 

After  hour  laboratory  facilities  for  personal  re- 
search - Owens  (1969) 

After  hour  laboratory  facilities  for  personal  re- 
search - Means  (1966) 

Facilities  index  - Meltzer  and  Salter  (1962) 

Support  services (Formal  old  line  organization)  - Kallick 
(1964) 

Literature  search  by  information  service  - Smith  (1970) 
Technician  underutilization  - McCarrey  and  Edwards  (1973) 
Adequate  technicians,  draftsmen,  secretaries  - Means 
(1966) 

Competition  between  groups  - Pelz  and  Andrews  (1966) 
Competition  with  colleagues  - Pelz  and  Andrews  (1966) 

Communication  channels (consultants , lectures)  - Smith 
(1970) 

Communication  channels (contacts  outside  company)  - 
Smith  (1970) 

Communication  channels (external  publications)  - Smith 
(1970) 

Funds  available  - Meltzer  and  Salter  (1962) 

Percent  of  time  spent  on  work  approved  in  advance  by 
management  - Harrison  (1974) 

Definition  of  duties  and  responsibilities  - Harrison 
(1974) 

Job  Challenge  - Hall  and  Lawler  (1970) 

Independent  budget  - Hall  and  Lawler  (1970) 

Informal  budget  account  - Lawler,  Hall  and  Oldham 
(1974) 

Mode  of  organization  (Project  team/specialization) 

- Stone  (1971) 

Feedback  level  (Individual/group)  - Stone  (1971) 

Secretiveness  between  groups  - Pelz  and  Andrews  (1966) 

Number  of  levels  - Meltzer  and  Salter  (1962) 

Levels  - Lawler,  Hall  and  Oldham  (1974) 
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TABLE  V - continued 

22.  Levels  from  top  - Lawler,  Hall  and  Oldham  (1974) 

23.  Span  of  control  - Lawler,  Hall  and  Oldham  (1974) 

24.  Tall/flat  - Lawler,  Hall  and  Oldham  (1974) 

25.  Performance  reviews  - Lawler,  Hall  and  Oldham  (1974) 

26.  Company  paid  for/supported  training,  education  and 
professional  activities  - Means  (1966) 

27. *  Stable  environment  - Means  (1966) 

28. *  Long  run  goals  more  emphasized  than  short  run  goals 

- Means  (1966) 


D)  STATISTICAL  CONTROL  VARIABLES 

1.  Length  of  R&D  experience  - Harrold  (1969) 

Experience  - Andrews  and  Farris  (1967  and  1972) 

Length  of  work  experience  - Pelz  and  Andrews  (1966) 

2.  Time  in  laboratory  - Harrold  (1969) 

Time  with  laboratory  - Farris  (1969) 

Seniority  - Andrews  and  Farris  (1967  and  1972) 

3.  Time  in  division  - Smith  (1971) 

Division  age  - Smith  (1970) 

4.  Time  on  major  project  - Ellison,  et  al.  (1968) 

5.  Formal  training  - Andrews  and  Farris  (1967  and  1972) 
Education  - Ellison,  et  al.  (1968) 

Highest  degree  earned  - Farris  (1969) 

Ph.D.  vs.  non-Ph.D.  - Pelz  (1956) 

Ph.D.  vs.  non-Ph.D.  - Pelz  and  Andrews  (1966) 

Highest  degree  earned  - Smith  (1970) 

Highest  degree  earned  - Smith  (1971) 

6.  Research  or  development  - Pelz  and  Andrews  (1966) 

Type  of  work (basic  research,  applied  research,  opera- 
tional) - Ellison,  et  al.  (1968) 

Emphasis  on  research  - Smith  (1971) 

7.  GS  grade  - Pelz  (1956) 

8.  Scientist/engineer  - Connor  and  Scott  (1974) 

9.  Military/civilian  - Harrold  (1969) 
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TABLE  V - continued 


10.  Time  since  receiving  highest  degree  - Farris  (.1969) 

11.  Speed  with  which  formal  education  completed  - 
Pelz  and  Andrews  (1966) 

12.  University,  government,  industry  - Pelz  and  Andrews 
(1966) 

Academic,  government,  industry  - Meltzer  and  Salter 
(196,0 

13.  Emphasis  on  coordination  - Smith  (1971) 

14.  Age  of  professionals  - Harrold  (1969) 

* Age  - Shepard  (1956) 

15. *  Number  of  professionals  doing  graduate  work  - Harrold 

(1969) 


As  indicated  previously,  this  categorization  pro- 
cess was  employed  to  suggest  a tentative  list  of  variables. 

The  results  of  Table  V along  with  the  theorizing  of  the 
writer  and  chairman  of  his  dissertation  committee  resulted 
in  the  list  of  variables  that  this  research  effort  explored. 
The  final  list  is  described  in  Table  VI. 

2.2.3  Included  Variables 

Table  VI  contains  the  list  of  the  41  organizational 
variables  suggested  for  study  in  this  research.  The  variables 
are  grouped  according  to  the  expected  source  of  information. 
Data  on  variables  numbered  1 through  27  were  expected  from 
the  individual  scientist/engineer  within  the  groups,  on  vari- 
ables numbered  28  through  35  from  the  group  leader,  and  on 
variables  36  through  41  from  the  laboratories.  More  is  said 
on  the  sources  in  the  measurement  section  (4.1). 
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VARIABLE 

NUMBER 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 


TABLE  VI 

INCLUDED  ORGANIZATIONAL  VARIABLES 


VARIABLE  TITLE 


Age 

Educational  level 

Group  heterogeneity  - technical  discipline 
Current  grade 
Scientist/engineer  ratio 

Length  of  scientific/engineering  experience 

Length  of  Federal  Government  Employment  as  a 
scientist/engineer 

Length  of  group  membership 

Per  cent  of  time  in  nontechnical  activities 

Frequency  of  attendance  at  professional  society 
meetings 

Frequency  of  communication  with  other  scientists/ 
engineers  within  group  on  technical  matters 

Frequency  of  communication  with  other  scientists/ 
engineers  outside  group  on  technical  matters 

Frequency  of  communication  with  group  leader  on 
technical  matters 

Innovation  pressure 

Quantity  pressure 

Time  pressure 

Air  Force  relevancy  pressure 
Group  leader  professional  competence 
Extent  participation  - goal  setting 


TABLE  VI  - continued 


VARIABLE 

NUMBER  VARIABLE  TITLE 

20.  Extent  participation-  decision  making 

21.  Extent  of  group  leader's  empathy 

22.  Rewards  for  innovation 

23.  Rewards  for  quantity  of  output 

24.  Extent  to  which  group  leader  evaluates  work 

25.  Mission  stability 

26.  Freedom/autonomy  from  group  leader 

27.  Type  of  work (research,  development,  support) /group 

28.  Group  leader  age 

29.  Group  leader  educational  level 

30.  Group  - group  leader  homogeneity-  technical 
discipline 

31.  Time  in  group  leader  position 

32 . Turnover 

33.  Group  age 

34.  Budget  trend:  dollars/group 

35.  Budget  trend:  personnel/group 

★ 

36.  Number  of  projects (Work  units)  /group 

37.  Group  size (number  of  scientists/engineers) 

38.  Laboratory  size (number  of  scientists/engineers) 

39.  Laboratory 

40.  Division 

41.  Branch 

* 

A Work  unit  was  the  smallest  piece  or  "chunk"  of  identifiable 
work  in  a group. 
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Throughout  the  remainder  of  this  study,  the  terms 


group  and  group  leader  are  used  to  refer  to  the  lowest  level 


formal  organizational  unit  or  work  group,  and  the  formal 


leader  or  immediate  supervisor  of  the  group,  respectively. 


Variables  were  included  in  the  list  by  use  of 


three  criteria:  most  consistently  appearing  with  signifi- 


cant/substantial relationships  in  the  empirical  studies 


(Tables  IV  and  V) ; the  postulations  of  the  writer  and  the 


chairman  of  his  dissertation  committee;  and  ease  of  measure- 


ment. 


The  construction  of  Table  VI  satisfied  the  first 


objective  for  this  research  (Section  1.3),  that  of  identify- 


ing organizational  variables  that  appeared  to  be  promising 


as  correlates  of  innovation  and  productivity  of  scientists 


and  engineers . 


2 . 3 The  Criterion  Problem 


One  of  the  most  complex  issues  that  a researcher 


must  face  in  the  area  of  innovation  is  the  criterion  prob- 


lem , i.e.  what  is,  and  just  as  importantly,  how  does  one 


measure  innovation.  Emphasizing  the  importance  of  the  prob- 


lem , Taylor  and  Holland  (1964)  remarked:  "The  authors  are 


convinced  that  there  is  no  more  crucial  problem  in  creativity 


than  the  criterion  problem."  (p.31) 


The  difference  between  measures  of  innovation  used 


in  the  literature  is  very  large.  A perusal  of  the  various 
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criterion  measures  employed  by  the  studies  summarized  in 
Table  IV  underscores  the  divergence  of  the  measures.  They 
range  from  objective  measures  such  as  number  of  patents, 
patent  applications,  unpublished  reports,  publications,  and 
awards,  to  subjective  measures  such  as  evaluations  by  super- 
visors, peers,  judges  and  self,  and  also  included  various 
combinations  of  the  above. 

Apparently,  the  different  measures  were  not  all 
measuring  the  same  construct,  or  at  least,  not  the  same  di- 
mensions of  a common  construct.  Taylor,  Smith,  Ghiselin  and 
Ellison  (1961)  factor  analyzed  data  on  52  different  cri- 
teria and  produced  15  dimensions.  Various  dimensions  or 
combinations  of  dimensions  were  examined  in  different  studies, 
yet  almost  all  received  the  same  label  of  innovation  or  cre- 
ativity. Such  differences  in  criterion  measurement  make  it 
difficult  to  compare  the  results  of  different  studies  that 
researched  similar  predictors.  They  also  raise  questions 
about  the  validity  of  the  diverse  measures. 

Perhaps  if  agreement  is  reached  at  the  conceptual 
definitional  level,  progress  can  be  made  at  the  operational 
measurement  level. 

One  way  to  start  a definition  of  innovation  is  to 
limit  the  term  by  defining  what  it  is  not. 

2.3.1  Innovation  NOT  Creativity 


Innovation  and  creativity  are  two  terms  that  were 


often  used  interchangeably  in  the  literature.  Such  a lack 
of  discrimination  frequently  leads  to  confusion  and  con- 
troversy. Are  the  terms  synonymous?  Do  they  refer  to  pro- 
ducts, processes  or  abilities? 

Webster's  Dictionary  (1971)  did  more  to  segregate 
the  terms  than  much  of  the  current  literature.  It  defined 
creativity  as  "the  ability  to  create"  (p.195)  and  innovation 
as  "a  new  idea,  method,  or  device."  (p .436) 

Pelz  and  Andrews  (1966)  made  an  effort  to  distin- 
guish between  ability  and  products,  but  in  so  doing  some- 
what clouded  the  issue.  They  " distinguish  creative  ability 
(the  potential)  from  creativity  (a  characteristic  of  the  pro- 
duct)." (p.155) 

Since  this  study  was  not  concerned  with  abilities 
or  characteristics  of  people,  the  term  creativity  was  out- 
side the  scope  of  this  research  effort  and  was  not  used  here- 
in. Innovation,  viewed  as  a characteristic  or  quality  of 
output,  was  the  concern  of  this  study. 

Tentatively  accepting  the  characteristic  of  newness 
or  originality,  the  question  of  its  meaning  arises. 

2.3.2  Originality 

Exactly  what  is  meant  by  originality? 

In  trying  to  resolve  the  question,  Steger  (1975) 
referred  to  innovative  researchers  as: 

"Those  individuals  who  have (and  do)  made 

(make)  discrete  jumps  in  knowledge,  theory 


technique  or  product  that  was  not  readily 
predictable  before  the  fact,  given  the 
scientific  or  engineering  state  of  the 
art."  (p.23) 

He  added  a remark  on  viewing  innovation  as  discontinuous (i.e. 

discrete  jumps)  whereas  non-innovative  or  productive  work 

was  just  a continuous  extension  in  a somewhat  predictable 

fashion.  Steger  also  noted: 

"Most  scientists  and  engineers  readily 
recognize  this  as  analogous  to  a dis- 
continuous versus  continuous  function 
and  therefore  were  able  to  translate 
it  into  professional  innovation  very 
easily."  (p.2) 

Andrews  and  Farris  (1972)  took  a similar  position 

by  defining  productiveness  as : 

"...  the  extent  the  man ' s work  had  in- 
creased knowledge  along  established 
lines  of  research  or  development  or  as 
extensions  or  refinements  of  previous 
lines . " Tp.1887  (Emphasis  added.) 

In  other  words , innovation  involves  a discrete 

jump  or  a discontinunity  from  the  present  state  that  was  not 

readily  predictable  before  the  fact. 

But,  is  originality  a necessary  and  sufficient 

condition  for  output  to  be  classed  as  innovative? 


2.3.3  Original  AND  Useful 

One  additional  characteristic  must  be  specified, 
in  addition  to  the  originality  of  output,  in  order  to  dis- 
tinguish the  output  of  professional  scientists  and  engineers 
from  that  of  mental  patients.  Steger  (1975)  asked:  "How  do 
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we  differentiate  innovative  from  just  bizarre  thoughts  or 
creations?"  (p.8)  Institutionalized  people  have  presented 
novel  solutions  to  problems,  yet  they  were  frequently  absurd. 
Addition  of  the  characteristic  of  usefulness  should  distin- 
guish the  output  of  professional  researchers  from  that  of  the 
other  group. 

Brogden  and  Sprecher  (1964)  preferred  the  word 

"value"  and  wrote: 

"Almost  all  workers  agree  that  one 
important  characteristic  of  the  cre- 
ative scientist  is  the  originality 
of  his  product;  most  would  add  that 
the  value  of  his  product , variously 
conceived,  is  also  important."  (p.156) 

Pelz  and  Andrews  (1966)  took  the  same  position  (in  spite 

of  their  use  of  the  term  creativity).  They  wrote: 

"When  we  say  a person's  work  shows  high 
creativity,  it  means  that  others  have 
found  his  performance  both  original  and 
in  some  way  useful.  Originality  is  sim- 
ply the  quality  of  being  different  or 
unusual."  (p.154) 

The  addition  of  the  useful  limitation  is  not  an 
obscure  one.  In  addition  to  the  above  three  cited  publica- 
tions, Kallick  (1964),  Keeler  (1966),  McPherson (1963)  and 
Steiner  (1965)  have  added  it  in  their  discussions  of  what 
constitutes  innovation.  Many  studies  in  Table  IV  have  in- 
cluded it  in  their  measures  of  innovation  (either  explicitly 
in  their  instruction  to  raters/judges  or  implicitly  by  as- 
suming that  patent  offices  and  editorial  boards  included 
usefulness  in  their  evaluations.) 
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By  useful  is  meant  adding  to  the  fund  of  knowledge 
or  being  workable  if  capable  of  demonstration  and  test.  One 
sticky  question  with  the  useful  standard  remains.  What  quali- 
fication can  be  used  on  output  that  apparently  conflicts  with 
existing  knowledge  and  is  not  yet  capable  of  demonstration 
and  test?  For  example,  Einstein's  theory  concerning  the 
transferability  of  energy  and  matter  apparently  aonflicted 
with  existing  knowledge  and  was  not  demonstrated  workable  in 
a nuclear  device  for  decades  after  he  proposed  the  theory. 

In  an  answer  to  the  question,  Steger  (1975)  added 
the  restriction:  "...this  innovation  must  be  repeatabl.  by 
other  researchers."  (p.9)  Thus,  if  the  logic,  theory  ox 
methodology  behind  the  original  output  is  replicable  by  col- 
leagues, even  though  it  apparently  conflicts  with  exis 
knowledge  and  is  years  away  from  demonstration  and  test  it 
is  useful  and  thus  an  innovation. 

Replicability  should  result  in  inclusion  of  outnut 
that  was  well  thought  out,  logical,  and  internally  consistent, 
even  though  perhaps  departing  from  current  knowledge  at  one 
point.  It  should  also  cause  the  exclusion  of  solutions/ 
theories  whose  underlying  methodology  was  questionable  or 
vague . 

To  recapitulate,  the  definition  of  innovation  ac- 
cepted thus  far  is  output  that  is  original  and  useful  (i.e. 
adds  to  the  fund  of  knowledge,  or  is  workable  or  repeatable). 


2.3.4 


Original  and  Useful  to  Whom 


To  whom  must  the  output  be  innovative?  In  other 
words,  who  is  the  referent? 

Acceptance  of  the  individual  as  the  referent,  i.e. 
output  which  is  original  and  useful  to  the  individual  is  an 
innovation,  leads  to  confusion  with  the  terms  growth  and 
learning  and  adds  little  in  the  classificatory  scheme.  For 
example,  the  writer's  infant  daughter  just  learned  a new  and 
useful  function  for  her  fingers.  Besides  sucking  on  them, 
she  can  use  them  to  hold  a bottle.  For  her,  it  is  a new  and 
useful  technique,  to  the  rest  of  the  world  it  is  rather  mun- 
dane and  adds  nothing.  Obviously,  the  referent  is  external 
to  the  individual. 

Acceptance  of  the  employing  organization  as  the 
referent  also  leads  to  problems.  One  can  think  of  examples 
of  output  of  scientists  and  engineers  in  R&D  Laboratories 
which,  in  spite  of  being  highly  original  and  useful,  because 
of  organizational  politics,  inertia,  prior  commitments,  fail- 
ure to  recognize  sunk  costs,  austere  budgets,  etc.,  were  not 
used  by  the  parent  organization.  Usefulness  to  the  parent 
organization  in  the  sense  of  profitability  or  acceptance  into 
the  operational  inventory  (as  in  the  military)  could  negate 
output  consisting  of  knowledge  or  theory  that  is  years  from 
the  point  of  demonstration,  test,  and  production.  Thus,  use- 
fulness or  acceptance  by  the  parent  organization  places  arti- 
ficial bounds  on  the  output. 
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The  focus  of  this  study  was  on  scientists  and 
engineers  working  as  professionals  in  specilaized  technical 
disciplines.  Therefore,  having  rejected  the  individual  and 
the  organization  as  the  referent,  the  conclusion  was  reached 
that  the  output  must  be  original  and  useful  to  the  profession 
or  technical  discipline,  in  essence  one's  professional  peers. 

One  more  restriction  needs  to  be  added  on  output. 

2.3.5  Output 

What  is  to  be  included  in  the  list  of  output  of 
scientists  and  engineers? 

At  first  glance,  this  may  appear  to  be  a rather 
mundane  question  that  could  be  answered  by  merely  observing 
what  tasks  they  performed  and  what  was  the  result.  Reflec- 
tion, however,  reveals  an  interesting  issue,  both  from  the 
conceptual  and  operational  levels  with  regard  to  ideas  and 
thoughts . 

One  of  the  most  extensive  listings  of  the  products 
of  researchers  was  a list  provided  by  McPherson  (1963). 

He  wrote: 


"This  paper  proposes  that  an  examination 
of  the  products  of  research  men  is  one  of 
the  best  sources  for  ultimate  criteria. 

What  are  some  of  the  creative  products 
produced  by  a scientist?  . . . patents , 
patent  disclosures,  publications,  un- 
published research  reports , unprinted  oral 
presentations,  improved  processes,  new 
instruments,  new  analytical  methods,  ideas, 
new  products  and  new  compounds."  (p.24) 
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In  a widely  cited  empirical  study  that  related  the 
output  of  scientists  and  engineers  to  a variety  of  conditions, 
Pelz  and  Andrews  (1966)  included  in  the  list  of  output  of 
scientific  products: 

(a)  patents  or  patent  applications, 

(b)  published  papers,  (c)  books,  and 
(d)  umpublished  technical  manuscripts, 
reports  or  formal  talks."  (p.271) 

McPherson  failed  to  recognize  the  difficulties  in 

measuring  ideas.  Apparently,  Pelz  and  Andrews  recognized 

them  since  they  did  not  include  ideas  in  their  list. 

In  a classic  text  on  measurement,  Torgerson  (1958) 

stresses  the  importance  of  defining  properties  such  that  they 

are  measurable.  He  wrote: 

"...the  advantages  of  defining  (a  property) 
in  terms  of  measurement,  as  contrasted  with 
a purely  classif icatory  definition,  accrue 
both  in  the  descriptive  and  in  the  explanatory 
functions  of  science."  (p . 9 ) 

Realizing  that  this  research  effort  attempted  more  than  clas- 
sification, output  must  be  defined  such  that  it  is  measurable. 
But  how  does  one  measure  the  innovation  of  intangibles,  like 
ideas  or  thoughts?  If  at  a minimum,  a researcher  did  not 
write  up  his  ideas/theories,  or  formally  communicate  them  to 
others  in  oral  presentations  (never  mind  translate  them  into 
a product/process) , how  can  the  originality  and  usefulness 
(especially  repeatability  of  logic  and  methodology)  be  as- 
sessed? Noting  the  importance  of  this  stage,  Keeler  (1966) 


wrote: 


MICROCOPY  RESOLUTION  TEST  CHART 

NATIONAL  BUREAU  OF  STANDARDS- 1 963-jl 


"The  stage  of  communication  of  results 
is  important  because  it  implicitly  nar- 
rows the  definition  of  creativity  to  in- 
clude only  those  products  which  eventually 
take  some  visible  form.  This  makes  the 
measurement  of  creativity  possible  and 
also  imposes  some  standard  of  utility  on 
the  creative  product."  (p.26)  (Emphasis  added.) 

Steger  (1975)  specifically  excluded  "ideas  that  never  got 
operationalized"  (p.23)  in  his  instructions  to  the  raters  of 
innovation  and  productivity. 

Thus,  due  to  the  measurement  problems,  effort  that 
was  not  operationalized  (e.g.  ideas  and  thoughts)  is  not  in- 
cluded in  the  list  of  output.  Output  is  defined  as: (a)  new 
or  improved  processes,  products  or  techniques?  (b)  patents 
and  patent  applications;  (c)  published  technical  papers  and 
books;  (d)  unpublished  technical  reports/memorandums,  manu- 
scripts and  oral  presentations?  and  (e)  requests  for  proposals 
(for  contractual  effort) . 

For  how  long  must  one  measure  output  of  researchers 
to  achieve  a reliable  measure  of  innovation? 

2.3.6  Time  Span  of  Output 

There  may  be  a considerable  lag  between  the  time 
that  a scientist/engineer  had  started  a project  and  it  was 
translated  into  output  in  the  form  of  a document,  product 
or  process.  There  may  be  extensive  periods  with  little  or 
no  output  and  then  periods  with  considerable  output  bunched 
together. 

The  above  implies  measurement  of  output  over  a 


long  period  of  time. 
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It  must  also  be  recognized  that  the  memory  of 
fellow  professionals  is  limited.  Thus,  there  is  a finite 
time  span  of  output  over  which  they  can  accurately  rate  the 
output  of  others. 

Also,  some  of  the  fellow  professionals  have  only 
been  in  their  current  positions  for  a relatively  short  time. 

Finally,  it  was  desired  to  measure  output  over  a 
short  enough  time  period  that  relationships  to  measures  of 
current  organizational  variables  had  some  meaning. 

Wishing  to  accomodate  the  above  considerations, 
a period  of  two  years  output  was  chosen.  Periods  ranging 
from  a year  to  five  years  (as  well  as  unspecified  periods) 
were  common  in  the  empirical  studies  of  Table  IV. 

2.3.7  Measurement  of  Innovation 

Various  measures  of  innovation  could  be  subdivided 
into  the  two  broad  categories  of  objective  and  subjective. 

2. 3. 7.1  Objective.  Frequently  used  measures 
of  innovation  include  counts  of  the  number  of  publications 
or  number  of  patents,  etc.  Two  major  problems  arise  with 
the  use  of  such  measures. 

First,  numbers  of  publications,  patents  and  patent 
applications  seemed  to  be  largely  a function  of  organizational 
policy  and  security  considerations.  Some  organizations  ac- 
tively encouraged  publication,  while  others  did  not.  Need- 
less to  say,  there  were  some  areas  in  Air  Force  Laboratories 
where  publication  in  the  open  literature  was  not  even  possible 


due  to  security  considerations.  Similar  considerations  arise 
with  patents.  Also,  the  incentive  to  patent  in  the  govern- 
ment sector  is  diminished  since  technically  the  government 
retained  the  rights. 

Second,  there  seemed  to  be  an  implicit  assumption 
in  the  use  of  objective  measures  that  the  innovativeness  of 
all  publications  was  equal  or  likewise  with  all  patents,  etc. 
Given  the  variance  between  editors  concerning  standards  of 
publication  and  the  variance  in  innovativeness  of  patented 
items,  this  assumption  is  hardly  tenable. 

Perhaps  a weighted  measure  of  numbers  of  publica- 
tions, patents,  etc.  is  appropriate.  But  weighting  implies 
subjective  evaluation. 

2. 3. 7. 2 Subjective.  In  a text  devoted  solely  to 

evaluating  R&D  output,  Quinn  (1959)  remarked: 

"Publications,  patents,  patent  disclosures, 
etc.  are  included  in  the  total  set  of  cri- 
teria used  in  appraising  research  quality. 

But  they  can  by  no  means  be  used  as  mathe- 
matical measures.  Judging  the  quality  of 
research  performance  is  necessarily  a sub- 
jective process.  Mathematical  devices  may- 
be used  as  checks  on  subjective  judgements 
but  not  as  substitutes  for  them.  Like  ap- 
praisals of  art,  the  ultimate  recognition 
and  application  of  the  criteria  used  for 
judging  research  quality  can  occur  only  in 
the  minds  of  the  individuals  appraising  the 
work.  The  validity  of  their  judgement  de- 
pends upon  their  own  technical  expertness 
and/or  on  their  own  past  experience  with 
similar  work."  (p.193) 

Given  that  one  is  in  the  realm  of  subjective 
evaluation,  the  question  becomes  one  of  who  is  best  qualifier? 


to  rate  the  innovation.  Various  answers  tried  include  judges, 
superiors  and  colleagues. 

Judge  ratings  seemed  to  work  fairly  well  in  labor- 
atory experiments  for  highly  structured  tasks  requiring  little 
specialized  knowledge  (e.g.  judging  the  originality  of  solu- 
tions to  hypothetical  problems , or  the  originality  of  stories 
written  about  pictures) . But  one  could  seriously  question 
the  qualifications  and  abilities  of  external  judges  to  evalu- 
ate the  originality  and  usefulness  of  output  in  a highly  spe- 
cialized technical  research  area  that  required  years  of  edu- 
cation and  experience  just  to  reach  a level  of  adequacy. 

It  would  seem  that  only  people  working  in  that 
field  have  the  technical  expertise  and  familiarity  with  the 
work  to  validly  evaluate  the  output  of  others  in  the  field. 
Thus,  supervisor  and  colleague  evaluations  seemed  to  be  two 
candidates . 

There  does  appear  to  be  some  drawbacks  however  with 

supervisor  evaluations.  Erickson,  Gantz  and  Stephenson  (1970) 

reported  the  results  of  a study  in  which  they  collected  data 

on  several  criteria  measures.  They  remarked: 

"The  other  criteria  examined,  number  of 
publications , only  discriminates  between 
the  groups  defined  by  supervisor  ratings. 

This  would  tend  to  indicate  that  the  su- 
pervisors may  be  unduly  influenced  by 
productivity  in  their  ratings  of  crea- 
tivity." (p.  5) 

One  could  hypothesize  that  supervisors , being  one 
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level  removed  from  the  work  in  a dynamic  research  environ- 
ment and  with  less  exposure  and  familiarity  with  the  work  and 
the  output  than  colleagues,  due  to  administrative  and  mana- 
gerial time  demands,  could  readily  count  quantities  but  not 
adequately  evaluate  quality  or  innovativeness. 

It  appears  that  colleagues , due  to  their  technical 
expertise  and  familiarity  with  the  work  are  in  the  best 
position  to  evaluate  the  originality  and  usefulness  of  sci- 
entific/engineering output.  Reinforcing  this  view  Connor 
(1974)  remarked: 

"The  eventual  determination  of  the 
significance  and  importance  of  a sci- 
entists work  must  be  made  by  those  best 
able  to  judge  that  work-his  scientific 
peers;  indeed  it  seems  that  collegial 
recognition  provides  the  single  best 
index  of  a scientists  research  com- 
petence." (p.  2) 

Assuming  that  two  or  more  colleague  evaluations  were  obtain- 
ed per  individual,  the  reliability  or  inter judge  agreement 
could  be  examined  as  an  added  advantage  of  colleague  evalu- 
ations . 

Thus , having  discarded  objective  measures , judge 
and  supervisor  ratings,  and  having  identified  professional 
colleagues  as  being  the  best  qualified  to  evaluate  innova- 
tion, peer  evaluation  was  selected  in  this  study  as  the 
criterion  measure. 

The  issue  of  the  relationship  of  innovation  and 
productivity  needs  to  be  discussed  before  leaving  the  devel- 
opment of  the  criterion. 
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2.3.8  Innovation  and  Productivity 

Innovation  may  be  viewed  as  a quality  dimension  of 
output  (i.e.  output  that  is  original  and  useful).  Another 
dimension  of  output  is  quantity  or  productivity.  Produc- 
tivity is  defined  as  quantity  or  amount  of  output,  without 
regard  to  innovativeness  or  any  other  quality. 

Recalling  the  section  on  objective  measures  of 
innovation,  it  appears  that  many  studies  which  claimed  to 
be  measuring  innovation  or  creativity  were  actually  measur- 
ing productivity  by  merely  recording  quantity  of  output. 

At  the  minimum,  it  makes  inter-study  comparisons  difficult 
since  some  were  measuring  innovation  and  some  productivity 
(and  most  had  the  label  of  creativity)  ! 

Taylor  (1964)  highlighted  the  problem  thusly: 

"It  is  necessary  to  distinguish  creativity 
from  productivity,  since  productivity  im- 
plies quantity  and  creativity  implies  high 
quality  of  a particular  kind.  Research  find- 
ings suggest  that  creativity  and  productiv- 
ity overlap  to  at  least  a limited  degree." 

(p.6) 

Taylor's  comment  about  the  degree  to  which  the 
two  dimensions  overlap  deserves  exploration.  Ellison,  et 
al.,  (1968)  obtained  a correlation  of  .70  between  supervisor 
rankings  of  creativity  and  productivity. 

Andrews  and  Farris  (1972)  also  found  a correlation 
of  .70  between  innovation  and  productivity.  Thus,  it  appears 
that  innovation  and  productivity  do  indeed  overlap.  However, 
the  overlap  does  not  justify  the  labeling  of  some  productivity 
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measures (e.g.  number  of  patents  or  papers)  in  other  research 
studies  as  measures  of  innovation. 

Innovation  and  productivity  were  examined  as  sepa- 
rate outputs  in  this  research. 

2.4  Summary 

A review  of  the  organizational  climate  construct 
led  to  the  conclusion  that  it  was  not  applicable  for  this 
s tudy . 

Subsequently,  a literature  review  of  relevant  empir- 
ical studies  revealed  a number  of  organizational  variables  as 
possible  candidates  for  inclusion  in  this  study.  Review  and 
appraisal  of  the  list  yielded  a much  smaller  list  (Table  VI) 
which  was  suggested  for  study  in  this  research. 

Innovation  was  defined  as  output  that  is  original 
and  useful.  Originality  refers  to  output  that  makes  dis- 
crete jumps  in  knowledge,  theory,  technique  or  product  that 
was  not  readily  predictable  before  the  fact.  Usefulness 
means  that  the  output:  (a)  adds  to  the  fund  of  knowledge,  or 
(b)  is  workable  if  capable  of  demonstration  and  test,  or(c) 
is  replicable  by  other  researchers  in  logic  and  methodology, 
even  if  it  apparently  conflicts  with  other  knowledge  and  is 
years  from  the  point  of  demonstration  and  test.  Only  oper- 
ationalized output  is  included.  Peer  evaluations  were  select- 
ed as  the  best  measure  of  innovation.  Innovation  and  produc- 
tivity were  identified  as  two  separate  dimensions  of  scien- 
tific/engineering output. 


PART  3 


THE  PROBLEM  AND  ASSOCIATED  HYPOTHESES 


3.1  The  Current  Problem 
The  general  question  under  study  is  what  impact 
do  organizational  variables  have  upon  scientific  and  engi- 
neering productivity  and  innovation. 

The  specific  question  under  investigation  in  this 
work  is  which  organizational  variables  from  Table  VI  are 
associated  with  the  innovation  (original  and  useful  output) 
and  productivity  (quantity  of  output)  of  scientists  and 
engineers  in  R&D  Laboratories? 

As  an  aid  to  answering  the  problem,  a number  of 
hypotheses  were  formulated. 


Table  VII  presents  the  hypotheses  examined  in 
this  study.  There  were  41  predictor  and  two  criterion 
variables.  Rather  than  present  the  hypothesis  82  times,  the 
general  form  of  the  null  hypothesis  was  Hq:  The  predictor 
variable  is  not  linearly  related  to  the  criterion.  The  al- 
ternate hypothesis  was,  HA:  The  predictor  variable  is  linear- 
ly related  to  the  criterion.  The  signs  next  to  the  predic- 
tors refer  to  the  expected  direction  and  significance  of 
correlation  (i.e.  + means  positively  significant,  - means 
negatively  significant,  0 means  not  significant).  The  first 
sign  refers  to  the  innovation  criterion  and  the  second  sign 
refers  to  the  productivity  criterion. 


i*u 


1.  Age 

2 . Educational  level 


3.  Group  heterogeneity-technical  discipline 

4 . Current  grade 

5.  Scientist/engineer  ratio 

6.  Length  of  scientific/engineering  experience 

7 . Length  of  Federal  Government  Employment 
as  a scientist/engineer 

8.  Length  of  group  membership 

9.  Per  cent  of  time  in  nontechnical  activities 

10.  Frequency  of  attendance  at  professional 
society  meetings 

11.  Frequency  of  communication  with  other  sci- 
entists/engineers within  group  on  techni- 
cal matters 

12.  Frequency  of  communication  with  other  sci- 
entists/engineers outside  group  on  techni- 
cal matters 

13.  Frequency  of  communication  with  group 
leader  on  technical  matters 

14.  Innovation  pressure 

15.  Quantity  pressure 

16.  Time  pressure 

17.  Air  Force  relevancy  pressure 


... 
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TABLE  VH  - continued 


HYPOTHESES 


INNO-  PRODUC- 

VATION  TIVITY  VARIABLE  NUMBER  AND  TITLE 


18.  Group  leader  professional  competence 

19.  Extent  participation  - goal  setting 

20.  Extent  participation  - decision  making 

21.  Extent  of  group  leader's  empathy 

22.  Rewards  for  innovation 

23.  Rewards  for  quantity  of  output 

24.  Extent  to  which  group  leader  evaluates 
work 

25.  Mission  stability 

26.  Freedom/ autonomy  from  group  leader 

27.  Type  of  work (research , development , 
support) /group 

28.  Group  leader  age 

29.  Group  leader  educational  level 

30.  Group-group  leader  homogeneity- technical 
discipline 

31.  Time  in  group  leader  position 

32.  Turnover 

33.  Group  age 

34.  Budget  trend:  dollars/group 

35.  Budget  trend:  personnel/group 

36.  Number  of  projects  (Work  units)  group 

37.  Group  size  (number  of  scientists/ 
engineers) 


^A  Work  unit  was  the  smallest  piece  or  "chunk"  of  identifiable 
work  in  a group. 


TABLE  VII  - continued 


HYPOTHESES 


INNO-  PRODUC- 

VATION  TIV1TY  VARIABLE  NUMBER  AND  TITLE 


+ 

0 

0 

0 


+ 38.  Laboratory  size  (number  of  scientists/ 

engineers) 

0 39.  Laboratory 

0 40.  Division 

0 41.  Branch 


The  rationale  behind  the  postulated  direction  and 
significance  of  the  correlations  was  varied.  In  the  ensuing 
discussion,  the  numbers  refer  to  the  variable  number  in 
Table  VII. 

One  idea  that  accounted  for  more  of  the  positive 
hypotheses  than  any  other  was  the  concept  of  stimulation 
from  others.  Whether  it  was  stimulation  due  to  number  of 
contacts  (variables  10,13,12,13,19  and  20),  number  of  peo- 
ple (variables  37  and  38),  skill  of  others  (variables  2,4,18 
and  29),  new  others  (variables  8,32,35  and  variable  31  relative 
to  innovation) , or  diversity  (variable  3) , it  was  postulated 
that  the  stimulation  has  a positive  linear  relationship  with 
performance.  As  Connor  (1974)  remarked: 

"Creative  ability  may  be  a social  phenomenon. 

For  example,  perhaps  the  manifestly  competent 

scientist  receives  his  creative  inputs  totally 
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from  his  colleagues,  instead  of  generating  them 

himself."  (p.4) 

Similarly,  work  in  a number  of  areas  (variable  36) 
or  potentially  new  areas  (variable  34  and  variable  25  rela- 
tive to  innovation)  were  also  postulated  to  provide  stimu- 
lation and  have  positive  linear  relationships  with  perfor- 
mance . 

Conversely,  stagnation  (variables  7 and  33)  was 
postulated  to  have  a negative  linear  relationship  with  per- 
formance . 

Another  group  of  variables  was  postulated  to  have 
no  significant  linear  relationship  with  performance  and  was 
included  mostly  for  statistical  control  purposes  (variables 
1,5,6,9,27,28,39,40  and  41). 

Variable  14  was  postulated  to  be  linearly  posi- 
tively associated  with  innovation  and  negatively  associated 
with  productivity  since  the  pressure  for  innovation  was 
thought  to  stimulate  original  and  useful  output  and  hinder 
other  output.  Conversely,  variable  15  was  postulated  to  be 
linearly  negatively  associated  with  innovation  and  positively 
associated  with  productivity  because  the  pressure  for  quantity 
was  thought  to  stimulate  quantity  at  the  expense  of  quality 
(innovation) . Variable  16  was  postulated  to  be  linearly 
positively  associated  with  performance  because  time  pressure 
was  thought  to  be  a stimulus  to  produce  and  at  least  some  of 
the  output  should  be  innovative.  Variable  17  was  postulated 
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to  have  a negative  linear  association  with  innovation  and 
a non-significant  linear  association  with  productivity 
because  the  relevancy  pressure  was  postulated  to  put  con- 
straints on  the  work  and  at  best  provide  no  stimulus  for 
quantity. 

Similarly,  the  extent  of  group  leader  evaluation 
of  work  (variable  24)  and  his  ability  to  evaluate  due  to 
common  technical  discipline  (variable  30)  was  postulated  to 
instill  pressure  for  performance  and  thus  have  positive 
linear  relationships  with  performance. 

Stability  of  mission  (variable  25)  was  postulated 
to  be  positively  linearly  related  to  productivity  because  it 
implies  a group  in  an  area  long  enough  to  know  how  to  solve 
the  routine  problems  that  arise. 

Time  in  group  leader  position  (variable  31)  was 
hypothesized  to  be  positively  linearly  related  to  produc- 
tivity because  it  implies  a group  leader  familiar  with  most 
of  the  routine  problems  and  solutions . 

Rewards  for  innovation  (variable  22)  was  hypothe- 
sized to  be  linearly  positively  related  to  innovation  and 
negatively  related  to  productivity,  and  rewards  for  quantity 
of  output  (variable  23)  was  postulated  to  be  linearly  nega- 
tively related  to  innovation  and  positively  related  to  pro- 
ductivity because  it  was  thought  that  behavior  that  is  re- 
warded is  reinforced. 

Empathy (variable  21)  was  postulated  to  have  a 


non-significant  linear  relationship  with  performance  because 
no  reason  for  a significant  relationship  was  seen. 

Freedom  (variable  26)  was  hypothesized  to  have  a 
non-significant  linear  relationship  with  performance  be- 
cause although  an  argument  could  be  presented  for  the  condi- 
tion helping  some  and  hindering  others,  the  net  effect  was 
believed  to  be  zero. 


PART  4 


METHODOLOGY 

The  methodology  included  the  use  of  questionnaires 
that  were  designed  specifically  for  this  research.^" 

4 . 1 Measurement 

4.1.1  Choice  of  Questionnaire  Technique 

Data  on  organizational  variables  numbered  36  through 
41  (Table  VI)  were  obtained  from  extant  laboratory  records. 
Since  the  balance  of  the  data  required  for  this  research  (in- 
formation concerning  organizational  variables  numbered  one 
through  35  in  Table  VI  and  the  peer  evaluations  of  performance) 
was  not  in  existence,  it  was  generated  specifically  for  this 
study  by  the  use  of  questionnaires. 

Two  separate  questionnaires  were  employed.  One  ques- 
tionnaire was  sent  to  the  group  leaders  (Appendix  B)  concerning 
the  measurement  of  eight  of  the  organizational  variables  (vari- 
ables numbered  28  through  35  in  Table  VI).  The  other  question- 
naire was  sent  to  the  individual  scientist/engineer  within  the 
groups  (Appendix  C) . It  contained  measures  for  most  of  the  or- 
ganizational variables  (variables  numbered  one  through  27  in 
Table  VI),  as  well  as  the  measures  of  innovation  and  produc- 
tivity. 

1 As  noted  in  section  2.2.3,  the  terms  group  and  group  leader 
are  used  to  refer  to  the  lowest  level  formal  organizational 
unit  or  work  group,  and  the  formal  leader  or  immediate 
supervisor  of  the  group,  respectively. 


4.1.2  Innovation  and  Productivity  Measurement 

Based  partly  on  the  technical  expertise  and  famil- 
iarity with  the  work  of  peers , the  criterion  section  of  the 
last  chapter  established  the  logic  and  validity  of  using  peer 
evaluations  of  innovation. 

During  a visit  to  the  laboratories  in  April,  partic- 
ular attention  was  devoted  to  the  issue  of  familiarity  of 
peers  with  the  work  of  others  within  his  own  group.  In  four 
of  the  five  laboratories  visited,  there  was  little  doubt  con- 
cerning the  familiarity  within  a group.  However,  there  was 
doubt  within  the  fifth  laboratory.  That  laboratory  was  dif- 
ferent from  the  others  in  that  it  employed  a more  multidisci- 
plinary approach  in  its  work  teams  and  operated  more  toward  the 
research  end  of  the  H&D  spectrum.  The  image  conveyed  to  this 
writer  by  the  laboratory  director  was  that  of  individuals 
working  mostly  alone,  interacting  mostly  with  their  immediate 
supervisor,  and  interacting  little  with  peers.  Thus,  the  ques- 
tion of  familiarity  with  other’s  work  arose.  Therefore,  the 
laboratory  in  question  was  deleted  from  the  sample. 

Two  other  alternative  rating  schemes  were  under  con- 
sideration before  the  on  site  visit:  (a)  the  individuals  within 
a group  were  to  rate  the  innovation  of  other  groups;  and  (b) 
the  group  leader  was  to  rate  the  innovation  of  other  groups. 
Both  alternatives  were  discarded  after  it  was  learned  that  the 
familiarity  of  people  of  one  group  with  the  work  in  other 
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groups  was  very  questionable. 

Thus , it  was  decided  that  the  individual  scientist/ 
engineer  within  a group  could  rate  the  innovation  of  the  other 
scientists/engineers  within  his  own  work  group.  Individuals 
were  asked  to  rate  up  to  five  other  scientists/engineers  with- 
in their  own  groups.  Since  at  least  two  ratings  were  sought 
per  individual,  the  erage  rating  an  individual  received  was 
used  as  the  score  for  the  individual.  Also,  use  of  at  least 
two  peer  ratings  permitted  computation  of  interjudge  agree- 
ment on  the  ratings . 

The  list  of  items  included  under  output  in  a pre- 
vious section  includes  (a)  new  or  improved  products,  (b)  new 
or  improved  processes,  (c)  new  or  improved  techniques;  (d) 
patents;  (e)  patent  applications;  (f)  published  papers  in  tech- 
nical or  professional  journals  (or  Air  Force  technical  reports/ 
memorandums);  (g)  books;  (h)  manuscripts;  (i)  oral  presentations 
to  technical  or  professional  audiences;  and  (j)  requests  for 
proposals.  Unfortunately,  organization  records  did  not  con- 
tain all  this  information.  Self  reports  by  individuals  would 
not  give  a complete  score  for  a group  if  all  individuals  did 
not  reply.  Thus,  peer  ratings  of  productivity  were  also  in- 
cluded. 

Innovation  was  defined  as  output  that  is  original 
and  useful,  and  productivity  was  defined  as  quantity  of  out- 
put in  section  2.3.8.  The  questionnaire  that  was  administered 
(Appendix  C)  contained  the  definitions  of  innovation  and 
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productivity  on  page  1 and  nine  point  rating  scales  for  in- 
novation and  productivity  on  page  2. 

4.1.3  Organizational  Variable  Measurement 

As  already  mentioned,  two  questionnaires  were  em- 
ployed. 

The  group  leader  questionnaire  (Appendix  B)  was  sent 
to  the  group  leader  of  each  of  the  groups  in  the  survey.  It 
contained  eight  straightforward  questions  to  obtain  data  on  the 
group  leader  and  his  group.  Organizational  variables  numbered 
28  through  35  from  Table  VI  were  the  subject  of  the  group  leader 
questionnaire . 

The  individual  questionnaire  (Appendix  C)  was  sent 
to  the  individual  working  level  scientist/engineer.  In  addi- 
tion to  the  peer  ratings , this  questionnaire  contained  questions 
dealing  with  organizational  variables  numbered  one  through  27 
of  Table  VI  in  section  2.2.3.  Some  of  the  questions  are  demo- 
graphic (like  education) , some  are  objective  (like  number  of 
professional  society  meetings  attended  per  year) , and  some  are 
perceptual  (like  perceived  participation) . 

Information  on  six  of  the  organizational  variables 
(numbered  36  through  41  in  Table  VI)  was  sought  from  labora- 
tory records. 

Thus,  data  from  laboratory  records,  individual  ques- 
tionnaires and  group  leader  questionnaires  were  all  used  as 
measures  of  organizational  variables. 
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4.1.4  Construction  of  Questionnaires 

The  questionnaires  employed  herein  were  constructed 
in  the  following  fashion. 

After  the  list  of  variables  had  been  identified 
(section  2.2.3)  , a first  draft  of  the  questionnaire  was  pre- 
po  red . 

The  first  draft  of  the  individual  questionnaire  was 
pretested  for  readability  and  comprehensibility  by  administering 
it  to  15  scientists  and  engineers  in  a local  Army  R&D  Labora- 
tory and  to  four  Air  Force  Officers  at  RPI.  The  pretest  ques- 
tionnaire is  in  Appendix  A. 

The  group  leader  questionnaire  was  not  pretested 
since  it  only  contains  a few  straightforward  questions.  It 
is  in  Appendix  B. 

The  availability  of  information  from  the  Air  Force 
Laboratories'  records  was  verified  in  a trip  to  the  labora- 
tories in  early  April. 

Comments  from  the  pretest  and  insights  gained  from 
the  April  laboratory  trip  were  incorporated  into  the  revised 
questionnaire  (Appendix  C) . 

The  revised  form  was  sent  to  Headquarters  USAF  for 
approval  and  assignment  of  a USAF  Survey  Control  Number.  This 
was  a requirement  under  Air  Force  Regulation  178-8  (1973)  as 
a means  to  control  for  duplication  of  surveys. 
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4 . 2 Subjects 

The  sample  consisted  of  scientists  and  engineers 
in  some  Air  Force  R&D  Laboratories. 

2 

4.2.1  Sample  Selection 

In  late  February  1975,  a trip  to  the  laboratory 
headquarters  (Air  Force  Systems  Command)  was  undertaken  to 
tentatively  select  a sample.  With  the  help  of  Col.  Robert 
Sigethy  of  the  Plans  Division  in  the  headquarters  staff,  five 
laboratories  out  of  a total  of  13  in-house  Air  Force  R&D  Labo- 
ratories/Development Centers  were  chosen  as  candidates. 

In  selecting  the  five  laboratories  several  criteria 
were  employed. 

One  consideration  was  sample  size.  The  five  labora- 
tories had  approximately  250  groups  and  1,800  scientists  and 
engineers.  Thus,  there  was  an  adequate  number  of  potential 
work  groups . 

Another  criterion  was  diversity  of  technical  disci- 
plines. Due  to  the  diverse  nature  of  their  missions,  the  five 
laboratories  employed  engineers  and  scientists  of  various  dis- 
ciplines . 

Another  criterion  was  type  of  work.  It  was  desired 
to  cover  the  research  spectrum  of  basic  research,  applied 
research,  and  development.  The  bulk  of  the  laboratories  ' work 
2 

This  section  borrows  heavily  from  Air  Force  Systems  Command 
(1974),  laboratory  records,  and  a meeting  with  Col.  Sigethy 
on  26  Feb  75. 
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was  in  applied  research  and  development,  however,  some  work 
was  toward  the  research  end  of  the  spectrum. 

Another  criterion  was  relative  stability  within  the 
laboratories . Three  of  the  13  laboratories  had  radical  re- 
organizations pending  that  had  already  been  announced.  Those 
laboratories  were  selected  out. 

Another  criterion  was  distance.  The  remaining  five 
laboratories  were  located  in  Florida,  Texas,  New  Mexico,  Colo- 
rado and  California.  The  distance  and  associated  logistical 
and  financial  considerations  caused  them  to  be  deleted.  Also, 
one  of  these  five  laboratories  was  eliminated  for  security  con- 
siderations, and  one  for  the  geographic  dispersion  of  its  di- 
visions . 

The  five  candidate  laboratories  were  all  located  at 
a midwestern  Air  Force  Base.  The  bulk  of  the  work  in  all  five 
laboratories  was  in  the  applied  research  and  development  cate- 
gories. The  Air  Force  Laboratories  engaged  primarily  in  basic 
research  were  involved  in  the  reorganization  referred  to  above. 

As  noted  previously,  one  of  these  five  laboratories 
was  deleted  from  the  sample  due  to  the  question  of  the  famil- 
iarity of  people  within  a group  with  the  work  of  others  ir  the 
group.  In  May,  another  one  of  the  candidate  laboratories  was 
deleted  from  the  sample.  The  laboratory  in  question  dropped 
out  of  this  study  because  it  was  felt  that  it  had  recently 
been  involved  in  too  many  surveys. 

Prior  to  1 July  1975,  there  were  three  organisational 
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levels  below  the  laboratory  level  in  each  of  the  three  labora- 
tories: division;  branch;  and  group.  Effective  at  the  time, 
the  three  laboratories,  in  conjunction  with  a fourth,  were 
merged  into  one  very  large  laboratory  by  the  addition  of  a 
layer  of  management  above  the  laboratory  level.  Until  approx- 
imately 1 July  1976,  the  groups,  branches  and  divisions  were 
scheduled  to  remain  intact  as  constituted  before  the  merger. 

Seven  divisions  constituted  Laboratory  A.  One  divi- 
sion was  removed  from  the  sample  because  of  its  total  support 
function.  The  remaining  six  divisions  contained  about  75 
groups  and  550  scientists  and  engineers.  About  20  groups  were 
deleted  because  they  either  had  only  two3  scientists/engineers 
or  because  the  groups  had  recently  been  formed  by  internal  re- 
organizations. Thus,  55  groups  and  359  scientists/engineers 
from  this  lab  were  in  the  survey. 

There  were  five  divisions  within  Laboratory  B.  One 
division  was  eliminated  because  of  its  total  support  function. 
Two  other  divisions  were  deleted  because  its  groups  did 
little  in-house  work  and  were  almost  totally  involved  in  con- 
tractual efforts.  The  remaining  two  divisions  in  the  survey 
contained  26  groups  and  215  scientists  and  engineers. 

Laboratory  C contained  five  divisions.  One  division 
was  eliminated  because  of  its  total  support  function  for  the 
other  four  divisions.  The  remaining  four  divisions  contained 


Groups  with  at  least  three  professionals  were  needed  to 
acquire  at  least  two  peer  ratings  per  individual. 


25  groups,  one  of  which  had  only  two  scientists/engineers. 

Thus,  24  groups  with  151  professionals  from  this  laboratory 
were  in  the  survey. 

Overall,  105  groups  and  725  scientists/engineers 
from  three  laboratories  were  surveyed. 

4.2.2  Mailings  and  Personal  Contact 

On  2 June  1975,  105  group  leader  questionnaires  and 
620  individual  questionnaires  were  distributed  to  the  105 
groups . 

As  of  23  June  1975,  only  a 19%  response  rate  had 
been  achieved.  On  that  date,  585  follow-up  letters  (Appendix 
D)  were  distributed. 

As  of  14  July  1975,  (six  weeks  after  the  original 
mailing)  the  response  rate  was  27%. 

Starting  on  14  July  (and  lasting  for  5 days) , personal 
telephone  contact  was  made  with  most  of  the  non- respondents . 

Not  all  of  the  non-respondents  were  contacted  because  it  was 
obvious  from  some  of  the  conversations  that  some  groups  as  a 
whole  had  decided  not  to  answer  the  questionnaire  due  to  the 
sensitive  nature  of  the  peer  rating.  Also,  a number  of  people 
were  on  vacation  or  away  on  business  during  that  time. 

As  of  11  August  1975  which  was  the  cutoff  date  for 
receipt  of  questionnaires,  45.5%  or  330  of  the  questionnaires 
had  been  returned.  Apparently,  the  personal  telephoning  had 
been  effective.  However,  it  underscored  the  importance  of 
personal  contact  when  using  something  as  sensitive  and  threat- 
ening as  a peer  rating.  Hindsight  could  not  emphasize  this 


too  strongly. 


4.2.3  Sample  Description 

The  most  efficient  way  to  define  the  sample  is  by 
response  rates  per  laboratory. 

4. 2. 3.1  Response  rates . Of  the  330  questionnaires 
returned,  269  were  individual  contributors'  questionnaires 
and  61  were  from  group  leaders.  A number  of  these  were  not 
usable.  Some  were  blank,  and  some  missed  some  data.  A number 
came  from  various  groups  in  which  so  few  of  the  individual's 
peers  had  responded  that  the  minimum  requirement  of  at  least 
two  peer  ratings  had  not  been  met.  Without  the  peer  ratings 
on  an  indivudual , his  answers  to  the  organizational  variable 
questions  were  useless. 

Given  the  previous  reasons  for  loss  of  data,  154  of 
the  obtained  individual  questionnaires  were  usable.  These  in- 
dividuals were  in  36  work  groups.  By  usable  is  meant  that  the 
individuals  had  answered  all  the  questions  and  at  least  two 
of  their  peers  had  rated  them  on  innovation  and  productivity. 

The  following  response  rates  resulted  from  the  154  individual 
questionnaires  in  the  three  laboratories  (Table  VIII) . 

The  response  rates  per  laboratory  were  not  the  same. 

In  Laboratories  A and  B there  were  two  separate  administrative 
problems  that  resulted  in  widespread  misunderstandings  that 
the  questionnaires  were  in  fact  not  approved  for  administration. 
Due  to  the  misunderstandings,  many  individuals  elected  not  to 
respond.  In  Laboratory  C,  there  was  no  such  misunderstanding. 


TABLE  VIII 


INDIVIDUAL  RESPONSE  RATES 


LABORATORY 

NUMBER ( 1 } 

PERCENT 

A 

64 

21% 

B 

42 

22% 

C 

48 

38% 

TOTALS 

154 

25% 

(1)  Number  refers  to  number  of  usable  individual  question- 
naires. 

(2)  Percent  refers  to  the  number  as  a percent  of  the  indi- 
vidual questionnaires  in  the  laboratory  that  had  been 
sent  out. 

Two  or  more  peer  ratings  per  individual  were  also 
obtained  on  35  others  who  did  not  respond.  These  additional 
data  were  used  in  the  calculation  of  criterion  reliability. 

Some  of  it  was  used  in  the  productivity  validation. 

4. 2. 3. 2 Deletion  of  group  leader  variables.  It  may 
be  recalled  that  information  lor  eight  of  the  organizational 
variables  was  on  the  group  leader  questionnaire  (Appendix  B) . 
Responses  were  not  received  from  leaders  of  five  of  the  groups 
from  which  usable  information  had  already  been  received.  Rather 
than  contend  with  missing  data  on  eight  organizational  variables 
for  five  groups,  or  delete  five  groups  from  the  sample,  it  was 
decided  to  delete  the  eight  group  leader  organizational  vari- 
ables. These  were:  group  leader  age;  group  leader  educational 


level;  group-group  leader  homogeneity-technical  discipline; 
time  in  group  leader  position;  turnover;  group  age;  budget 
trend-dollars/group;  and  budget  trend-personnel/group. 
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4. 2. 3. 3 Deletion  of  three  other  variables . Three 
other  organisational  variables  were  deleted. 

The  lab  size  variable  was  deleted  because  there  were 
only  three  labs  in  the  sample  and  little  confidence  could  be 
ascribed  to  a finding  based  on  three  observations. 

The  division  and  branch  variables  were  also  deleted. 

The  36  groups  were  in  12  divisions  and  22  branches.  Since  it 
was  felt  that  blocking  on  division  and  branch  yielded  too  many 
blocks,  the  two  variables  were  deleted. 

4. 2. 3. 4 Sample  characteristics . The  average  edu- 
cational level  for  the  154  individuals  was  between  a B.S.  and 
a M.S.  degree.  It  was  somewhat  of  a surprise  to  discover  that 
in  an  R&D  environment  almost  one  half  of  the  sample  (72  of  154) 
had  only  a bachelors  degree.  Sixty-one  had  a M.S.  degree  and 
21  possessed  a Ph.D.  Seventy  nine  per  cent  of  the  sample  were 
engineers  and  the  remaining  21%  were  mostly  physical  scientists. 

Twenty  per  cent  of  the  sample  were  military  officers. 
They  were  in  the  grades  of  Lieutenant  and  Captain.  Eighty  per 
cent  of  the  sample  were  Civil  Servants.  Most  of  the  civilians 
were  in  the  GS  12  and  13  grades. 

The  average  age  was  35.7  years.  Length  of  scientific/ 
engineering  experience  averaged  to  11.3  years  and  the  mean 
length  of  Federal  Government  Employment  as  a scientist  or  en- 
gineer was  9.3  years.  All  three  variables  were  highly  correlated. 
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The  average  amount  of  time  spent  on  non-technical 
activities  was  28%.  This  number  was  partly  a reflection  of 
the  contract  monitoring  activities  performed  by  the  scien- 
tists/engineers in  the  labs. 

A more  complete  description  of  the  sample  is  offered 
via  Appendix  E.  It  contains  the  means,  standard  deviations 
and  correlation  matrix  for  the  154  respondees.  The  coding 
scheme  contained  in  Appendix  G explains  the  values  of  the 
variables . 

4 . 3 Analytic  Methods 

A listing  of  all  the  computer  programs  utilized  in 
conjunction  with  the  following  analytic  methods  is  in  Appen- 
dix H. 

4.3.1  Individual  and  Group  Level  Analyses 

Section  2.1  of  this  dissertation  concluded  with  the 
message  that  an  individual's  perception  of  organizational 
phenomena  should  not  be  treated  as  a measure  of  the  organiza- 
tion, but  as  a measure  of  the  individual.  However,  it  is  pos- 
sible that  significant  relationships  exist  between  the  innova- 
tion and  productivity  of  the  individuals , and  individual  mea- 
sures. Thus,  an  individual  level  of  analysis  was  performed 
that  consisted  of  calculating  the  relationships  between  the 
individual  demographic  and  perceptual  variables,  and  individ- 
ual performance.  This  left  unanswered  the  question  of  how  the 
individual  perceptions  relate  to  organizational  variables. 


The  measure  that  was  devised  as  a measure  of  the 
organizational  variable  is  the  mean  value  for  the  group  on 
that  variable.  Thus,  a group  level  of  analysis  was  also  per- 
formed. It  consisted  of  checking  the  relationship  of  the  mean 
innovation  and  productivity  scores  for  the  group  with  the  mean 
value  on  the  organizational  variable  for  the  group. 

The  154  individuals  did  not  constitute  all  the  sci- 
entists/engineers working  in  the  36  groups.  Fourteen  of  the 
groups  had  a 100%  response  rate.  The  other  22  groups  had  re- 
sponse rates  ranging  from  60%  to  89%  because  35  people  in  the 
22  groups  did  not  respond.  However,  peer  ratings  were  obtained 
on  the  35  individuals  who  did  not  respond.  Group  criteria 
scores  were  formed  based  on  the  154  individuals'  criteria 
scores  as  well  as  based  on  189.  A test  of  difference  between 
the  two  sets  of  scores  revealed  no  significant  differences. 

Thus,  no  significant  distortion  in  the  group  scores  was  in- 
troduced by  using  group  scores  based  on  less  than  all  the  in- 
dividuals in  the  groups . 

For  the  remainder  of  this  chapter  and  the  next  chapter, 
the  semantic  differentiation  was  dropped  between  individual 
demographic  and  perceptual  variables  versus  group  averages 
for  the  organizational  variables.  This  distinction  is  reintro- 
duced in  the  last  chapter.  In  the  interim,  the  term  predictor 

4 

variable  is  used.  The  reader  can  easily  discern  which  level 
4 

The  term  criterion  variable  refers  to  innovation  or  pro- 
ductivity at  the  individual  or  group  level. 
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of  analysis  (individual  or  group)  is  under  discussion  by 
noting  the  sample  size.  A sample  size  of  154  consists  of  the 
individual  level  of  analysis.  Thirty-five5  is  the  sample  sia* 
for  the  group  level  analysis. 

A description  of  the  groups  is  contained  in  Appen- 
dix F.  The  means , standard  deviations,  and  correlation  matrix 
for  the  33  groups  are  listed  there. 

4.3.2  Validity  and  Reliability 

4. 3. 2.1  Criterion  variables . Reliability  of  the 
criteria  variables  was  a rather  straightforward  calculation. 
Since  it  had  been  decided  to  use  the  average  rating  of  all  the 
innovation  ratings  an  individual  received  as  his  innovation 
score  (and  likewise  for  productivity),  reliability  means  the 
reliability  of  the  mean  of  k judges  (i.e.  the  degree  of  inter- 
judge agreement).  As  Ebel  (1951)  remarked:  "If  decisions  are 
based  upon  average  ratings,  it  of  course  follows  that  the  re- 
liability with  which  one  should  be  concerned  is  the  reliability 
of  those  averages" . (p. 408)  The  Spearman-Brown  prediction  for- 
mula, as  discussed  in  section  4.5  of  Winer  (1971),  was  used 
to  calculate  the  reliability  of  the  mean  of  k judges.  Recall- 
ing that  individuals  were  rated  by  two,  three,  four  or  five 
judges,  eight  separate  reliability  calculations  were  required 
(four  for  innovation  and  four  for  productivity) . 

5 The  group  level  analysis  was  started  with  36  groups.  How- 
ever, one  of  the  groups  was  subsequently  identified  as  an 
outlier  (section  5. 2. 2. 2)  and  deleted  from  the  analysis. 
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It  was  obvious  from  an  examination  of  the  raw  rat- 
ings that  there  were  a few  raters  who  strongly  disagreed  with 
two  or  three  other  raters  who  were  in  close  agreement  when 
rating  the  same  individual.  Of  the  1,110  ratings  performed 
(555  for  innovation  and  555  for  productivity) , 19  ratings 
differed  from  the  average  of  two  or  three  other  raters,  who 
were  in  close  agreement,  by  at  least  four  points  and  up  to 
six  and  one  half  points  on  the  rating  scales.  These  19  rat- 
ings were  deleted  along  with  the  associated  19  ratings  from 
the  innovation,  productivity  pair  of  ratings  given  by  the  rater 
who  was  in  strong  disagreement. 

Validity  of  the  criteria  was  not  as  straightforward 
as  reliability.  Since  the  definition  of  innovation  required 
a subjective  evaluation,  and  since  objective  measures  of  R&D 
output  all  had  drawbacks  as  discussed  in  the  criterion  section 
(2.3),  there  was  no  good  objective  measure  that  could  have  been 
used  for  a validity  check  especially  in  military  R&D  Labs. 
Validity  rests  in  the  face  validity  of  the  definition  of  in- 
novation, and  in  the  professional  expertise  and  familiarity 
with  the  work  of  the  scientists  and  engineers  who  performed 
the  rating.  One  could  also  argue  validity  since  the  average 
rating,  or  consensus  of  several  other  professionals,  was  used 
as  the  criterion  score. 

Face  validity  was  examined  by  scrutinizing  the  dis- 
tributions of  the  innovation  and  productivity  scores.  It  seems 
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reasonable  that  human  behavior  like  innovation  or  produc- 
tivity should  be  normally  distributed.  If  the  distributions 
had  been  weird  multimodal  curves,  or  drastically  skewed  to 
one  end  of  the  scale,  it  would  have  implied  that  the  raters 
either  did.  not  understand  the  definitions  of  innovation  and 
productivity  or  some  other  serious  errors  were  operating. 

The  distributions  were  examined  by  checking  the 
plots  of  the  mean  innovation  and  productivity  scores  versus 
the  frequency  of  the  scores.  A more  rigorous  examination  was 
performed  by  checking  the  bivariate  distribution  of  innovation 
and  productivity.  Using  a technique  recently  developed  by 
Paulson  and  Thornton (1975)  the  assumption  of  a bivariate  normal 
distribution  was  tested.  If  that  assumption  was  not  rejected, 
the  assumptions  of  normal  marginal  distributions  of  innovation 
and  productivity  could  also  not  be  rejected.  Normally  shaped 
curves  implied  that  the  use  of  the  scales  made  sense  to  the 
raters,  i.e.  the  scales  possessed  face  validity. 

A validity  test  on  the  productivity  ratings  from  one 
lab  was  performed.  The  number  of  in-house  Air  Force  Technical 
Reports  (TRs)  and  Air  Force  Technical  Memorandums  (TMs)  was  a 
measure  of  productivity.  In-house  reports  were  distinguished 
from  contractor  reports  because  in-house  reports  were  a direct 
reflection  of  in-house  effort,  whereas  contractor  reports  were 
primarily  a reflection  of  contractor  effort.^  Laboratory  A 

6 Personal  communication  with  the  Plans  Officer  from  Labora- 
tory A on  16  July  1975. 


paid  attention  to  the  number  of  TRs  and  TMs  and  maintained 
records  on  same.  A validation  of  the  productivity  ratings 
for  the  individuals  in  Laboratory  A was  performed  by  correlating 
them  with  the  number  of  TRs  and  TMs. 

4. 3. 2. 2 Predictor  variables . In  order  to  make  a 
decision  concerning  use  of  the  mean  perception  of  the  group  as 
the  measure  of  the  respective  organizational  variable,  the 
variance  of  the  perceptual  variables  within  each  of  the  groups 
was  examined.  The  perceptual  variables  are  the  13  variables 
within  the  questionnaire  (Appendix  C)  concerning  the  individual's 
perceptions (mostly  toward  his  group  leader)  via  nine  point  rat- 
ing scales.  The  perceptual  variables  are:  quantity,  innovation, 
time  and  Air  Force  relevancy  pressures;  group  leader  profes- 
sional competence;  participation  on  goal  setting  and  routine 
decision  making;  group  leader's  empathy;  rewards  for  quantity 
of  and  innovative  output;  group  leader's  evaluation  of  work; 
mission  stability,  and  freedom/autonomy.  The  magnitude  of  the 
variance,  especially  relative  to  the  mean,  provided  a rough 
measure  of  the  stability  of  the  mean  perception  of  the  group. 

This  was  needed  in  order  to  make  the  decision  concerning  use 
of  the  mean. 

The  correlations  of  the  various  demographic  variables 
with  the  perceptual  variables  were  also  examined.  The  demo- 
graphic variables  are:  age;  educational  level;  grade;  time  in 
group;  scientist  or  engineer;  length  of  scientific/engineering 
experience;  length  of  Federal  Government  Employment  as  a 
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scientist/engineer;  military  or  civilian;  age  in  four  cate- 

7 7 

gories  , and  the  age  four  interaction  with  educational  level ' . 

The  correlations  were  examined  to  help  decide  whether  to  use 

the  raw  individual's  perceptions  or  to  rescale  the  perceptions 

by  covarying  out  the  demographic  influences . 

One  way  to  check  the  reliability  of  the  predictor 
variables  was  via  a cross  validation.  Comparison  of  the  mul- 
tiple correlation  coefficient  with  the  cross  validation  co- 
efficient provided  a measure  of  the  consistency  or  reliability 
with  which  the  questionnaires  were  completed.  Reliability  is 
implied  if  no  significant  differences  between  the  two  coeffi- 
cients are  observed. 

4.3.3  Hypotheses  Testing  Techniques 

4. 3. 3.1  Correlation  analysis . As  previously  in- 
dicated, the  general  form  of  the  null  hypothesis  was  that  the 
predictor  variable  was  not-  linearly  related  to  the  criterion 
variable.  Thus,  examination  of  the  zero  order  correlations 
between  predictor  variables  and  criterion  variables  for  sta- 
tistical significance  was  performed  to  test  the  hypotheses. 

4. 3. 3. 2 Multiple  regression  analysis . Recognizing 
that  several  of  the  predictor  variables  were  correlated  with 
each  other,  it  was  decided  to  look  at  the  partial  correlations 
via  Ordinary  Least  Squares  Regression.  The  results  of  Ordinary 

7 

The  coding  of  these  two  variables  is  explained  in  Appen- 
dix G. 
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Least  Squares  Regression  were  compared  with  the  results  from 

g 

a Robust  Regression  for  the  group  level  productivity  data 
(section  5. 2. 2. 2)  due  to  the  presence  of  an  outlier. 

4. 3. 3. 3 Canonical  correlation  analysis.  Since 
the  two  criterion  variables  were  correlated,  the  need  to  per- 
form a multivariate  analysis  in  addition  to  the  two  separate 
univariate  analyses  arose.  Canonical  correlation  analysis  is 
a multivariate  technique  well  suited  to  the  problem  of  ex- 
ploring the  relationships  between  two  sets  of  variables. 

Significance  testing  in  canonical  correlation  anal- 
ysis requires  pq  degrees  of  freedom,  where  p is  the  number  of 
predictor  variables  and  q is  the  number  of  criterion  variables 
(Tatsuoka,  1971,  p.188) . For  the  group  level  of  analysis, 
there  were  35  observations.  Therefore,  at  most  17  predictor 
variables  could  have  been  used  with  the  two  criterion  vari- 
ables to  satisfy  a minimum  requirement  of  at  least  one  observa- 
tion per  degree  of  freedom.  It  was  decided  to  include  those 
variables  in  the  group  level  canonical  correlation  analysis 
that  were  significant  in  either  the  zero  order  correlation 
analysis,  or  regression  analysis,  for  both  innovation  and 
productivity. 

One  minor  issue  with  the  use  of  canonical  loadings 
is  that  one  must  decide  what  magnitude  is  required  to  be 

g 

The  Robust  Regression  used  is  currently  under  development 
by  A.  Paulson  and  A.  Schumaker  of  RPI  as  a part  of 
Schumaker's  dissertation. 
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classed  as  a substantial  loading  since  there  are  no  signifi- 
cance tests  for  each  loading.  It  was  decided  that  loadings 
greater  than  or  equal  to  0.3  in  absolute  value  were  substantial 
in  this  study.  That  level  of  loading  included  the  larger  load- 
ings and  verified  several  variables  that  were  significant  in 
the  correlation  and  regression  analyses. 

4. 3. 3. 4 Linear  models . The  linear  model  for  the  in- 
dividual level  analysis  contained  30  main  effect  terms  and  seven 
two-way  interaction  terms . The  model  was  of  the  general  form 

Y = b0  + where  i = 1,...,37. 

The  37  terms  are  listed  in  Table  XII  of  section  5.2.1.  The  cod- 
ing scheme  is  in  Appendix  G. 

The  linear  model  for  the  group  level  analysis  contain- 
ed 34  main  effect  terms,  one  second  order  term,  and  one  two-way 
interaction  term.  The  model  was  of  the  general  form 

Y = bQ  + b^X^  where  i = 1,...,36. 

The  36  terms  are  listed  in  Table  XXII  of  section  5.2.2.  The 
coding  scheme  is  in  Appendix  G. 


PART  5 


RESULTS 

5.1  Validity  and  Reliability 
The  validity  and  reliability  of  the  variables  were 
assessed  before  proceeding  with  hypotheses  testing. 

5.1.1  Criterion  Variables 

5. 1.1.1  Reliability . The  research  design  required 
that  an  individual  must  be  rated  by  at  least  two  peers  be- 
fore the  ratings  were  used  in  this  study.  This  requirement 
was  effected,  partly,  so  that  the  reliability  of  the  ratings 
could  be  examined.  Some  individuals  were  rated  by  two  of 
their  peers,  some  by  three,  some  by  four,  and  some  by  five. 
Thus,  four  separate  reliability  calculations  were  performed 
for  innovation,  and  four  for  productivity.  Arithmetic  aver- 
ages of  the  four  reliability  coefficients  for  innovation  and 
of  those  for  productivity  are  also  presented.  The  results 
of  the  reliability  calculations  and  the  number  of  ratings 
upon  which  each  calculation  was  based  are  presented  in 
Table  IX. 

Several  findings  are  apparent  from  the  data  shown  in 
Table  IX.  Firstly,  substantial  agreement  between  the  raters 
in  completing  the  ratings  on  their  peers  is  indicated  by  the 
magnitude  of  the  reliability  coefficients.  Secondly,  the 
reliability  of  the  productivity  scale  is  slightly  higher  them 
the  reliability  of  the  innovation  scale.  This  is  somewhat  as 
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TABLE  IX 


CRITERIA  RELIABILITY 


NUMBER 
OP  RATERS 

NUMBER  OF 
RATINGS 

r 

•d) 

INNO- 

VATION 

PRODUC- 

TIVITY 

2 

156 

.52 

.66 

3 

216 

.63 

.65 

4 

124 

.77 

.78 

5 

40 

.73 

.80 

AVERAGE  r(1) 

.66 

.72 

Cl)  r is  the  Spearman-Brown  reliability  coefficient. 


expected  since  productivity  might  have  been  an  easier  con- 
struct to  grasp  than  innovation.  Thirdly,  the  magnitude  of 
the  reliability  increases  with  increased  number  of  raters. 

Using  the  definition  of  innovation  that  was  used 
in  this  research,  Steger  (1975)  also  found  substantial  agree- 
ment among  the  raters.  He  commented: 

"In  the  course  of  our  work  the  nomination 
of  people  to  the  three  subgroups  (either 
innovative,  productive  or  nonproductive) , 
posed  little  if  any  problem  for  those  ask- 
ed to  do  the  nominating.  In  fact,  the  de- 
gree of  consensus  among  those  nominating 
individuals  for  the  subgroups  was  truely 
surprising."  (p.2) 


123 


5. 1.1. 2 Face  validity.  Plots  of  the  mean  innova- 
tion and  productivity  scores  versus  the  frequency  of  the 
scores  revealed  two  approximately  normally  shaped  distribu- 
tions. A more  rigorous  examination  was  performed  by  check- 
ing the  bivariate  distribution  of  innovation  and  productivity. 
Using  a technique  recently  developed  by  Paulson  and  Thornton 
(1975) , and  a computer  program  recently  written  by  A.  Schu- 
maker  of  Rensselaer  implementing  the  technique,  the  null 
hypothesis  of  a bivariate  normal  distribution  was  not  reject- 
ed when  tested.  Therefore,  the  null  hypotheses  of  normal 
marginal  distributions  of  innovation  and  productivity  were 
also  not  rejected.  Normally  shaped  curves  implied  face 
validity  to  the  raters  and  the  absence  of  serious  errors  in 
the  completion  of  the  ratings. 

Further  assurance  that  the  criteria  definitions  and 
scales  were  understood  and  used  by  the  raters  was  obtained 
by  examining  the  relationship  of  the  productivity  scores  to 
the  innovation  scores.  Productivity  was  defined  as  quantity 
of  output  and  innovation  was  defined  as  a particular  kind  or 
subset  of  output,  i.e.  output  that  is  original  and  useful 
(section  2.3.8).  It  appears  that  these  definitions  were 
understood  and  used  by  the  raters  since  the  productivity 
scores  are  significantly  greater  than  (p  = .0015)  the  inno- 
vation scores.  This  was  generally  the  expectation  since 
innovation  is  thought  to  be  a more  rare  event  than  produc- 
tivity. 


5. 1.1. 3 Productivity  validation.  A validation 


of  the  productivity  ratings  via  comparison  with  number  of 
in-house  Air  Force  Technical  Reports  (TRs ) and  Air  Force 
Technical  Memorandums  (TMs)  was  attempted  herein.  Produc- 
tivity ratings  were  obtained  on  78  individuals  in  the  labora- 
tory that  maintained  records  on  TRs  and  TMs . 

A plot  of  the  number  of  TRs  and  TMs  revealed  a 
gross  departure  from  any  assumption  of  normalcy.  Thus, 
Spearman  correlation  coefficients  were  calculated,  versus 
Pearson  correlation  coefficients. 

After  examining  the  plot,  it  was  decided  to  also 
check  the  correlation  of  the  productivity  ratings  with  number 
of  TRs  and  TMs  squared,  since  it  was  thought  that  a second 
order  effect  was  present.  The  results  of  the  calculations 
are  contained  in  Table  X. 

TABLE  X 

PRODUCTIVITY  VALIDATION  (N  = 78) 


p(2) 

PRODUCTIVITY 

Number  of 
TRs  and  TMs 

• 

.19 

.04 

(Number  of 

TRs  and  TMs)1 2 

.21 

.03 

(1)  r « Spearman  correlation  coefficient. 

(2)  p = probability  of  relationship  occurring  by  chance. 
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Both  relationships,  although  statistically  signifi- 
cant, are  not  very  strong.  However,  they  compare  with  similar 
validation  efforts  that  have  been  attempted  by  other  research- 
ers. 

Taylor,  et  al.  (1961),  reported  a correlation  of 
.08  between  a productivity  ranking  performed  by  peers,  and 
number  of  technical  repc rts  and  memoranda  (p.38).  Ellison, 
et  al.  (1968),  reported  a correlation  of  .08  between  a produc- 
tivity ranking  performed  by  immediate  supervisors  and  number 
of  technical  reports  (p.38). 

The  validity  coefficients  obtained  in  this  effort 
may  be  a reflection  of  the  validity  of  the  records  kept  in 
the  laboratory  from  which  the  information  was  obtained. 

Also,  the  coefficients  may  reflect  that  the  raters  had 
more  in  mind  when  rating  peers  than  number  of  TRs  and  TMs . 

It  may  be  recalled  that  output  also  includes  papers  published 
in  journals,  patents,  oral  presentations,  etc.  These  were 
not  included  in  the  present  productivity  validation. 

5.1.2  Predictor  Variables 

5. 1.2.1  Perceptual  variables . These  include  the 
13  variables  in  the  questionnaire  (Appendix  C) , concerning 
the  individual's  perceptions,  mostly  toward  his  group  leader. 
The  perceptual  variables  are:  quantity,  innovation,  time,  and 
Air  Force  relevancy  pressures;  group  leader  professional  com- 
petence; participation  on  goal  setting  and  routine  decision 
making;  group  leader's  empathy;  rewards  for  quantity  of. 
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and  innovative  output;  group  leader's  evaluation  of  work; 
mission  stability;  and  freedom/autonomy.  To  check  the  sta- 
bility of  the  perceptual  variables , the  variance  of  each  of 
the  perceptual  variables  within  each  of  the  groups  was 
examined.  A certain  stability  of  the  mean  perception  within 
a group  was  evidenced  by  the  absence  of  large  variances . 

Thus , it  was  decided  to  use  the  mean  perception  of  the  group 
as  the  measure  of  the  respective  organizational  variable  in 
the  group  level  analysis. 

The  relationships  of  the  various  demographic  vari- 
ables with  the  perceptual  variables  were  also  analyzed.  The 
demographic  variables  consist  of:  age;  educational  level; 
grade;  time  in  group;  scientist  or  engineer;  length  of  sci- 
entific/engineering experience;  length  of  Federal  Govern- 
ment Employment  as  a scientist  or  engineer;  military  or  civil- 
ian; age  in  four  categories ; ^ and  the  age  interaction  with 
educational  level.  ^ If  certain  of  the  demographic  items 
had  high  relationships  with  the  perceptual  variables , the 
perceptual  items  could  have  been  rescaled  by  covarying  out 
the  demographic  influences.  However,  none  of  the  perceptual 
variables  had  high  relationships  with  the  demographic  items 
as  none  of  the  associated  correlations  even  reached  statisti- 
cal significance.  Thus,  it  was  decided  to  use  the  raw  indi- 
vidual's perceptions  for  the  individual  level  analysis. 

The  coding  of  these  two  variables  is  explained  in  Appen- 
dix G. 


Appendix  E contains  the  correlations  of  the  demographic  and 
perceptual  variables , as  well  as  the  correlations  for  all 
the  predictor  variables  in  upper  right  triangular  matrix 
format. 

5. 1.2. 2 Cross  validation.  By  cross  validating 
and  comparing  the  relative  magnitude  of  the  multiple  correla- 
tion coefficient  (R)  with  the  correlation  of  the  predicted 
and  actual  scores  for  the  subsample  (r) , a measure  of  reli- 

« 

ability  was  achieved.  One  hundred  and  four  individuals  were 
randomly  withdrawn  from  the  original  sample  and  a stepwise 
regression  using  the  productivity  scores  was  performed  re- 
sulting in  an  R = .416.  The  associated  prediction  equation 
was  used  to  generate  predicted  productivity  scores  for  the 
remaining  subsample  of  50.  The  actual  productivity  scores 
and  the  predicted  productivity  scores  for  the  50  individuals 
have  an  r = .355.  Whereas  a null  hypothesis  of  no  difference 
between  R and  r was  not  rejected,  it  implied  that  the  relation- 
ship is  consistent,  and  thus  the  questionnaires  were  reliably 
completed. 


5.2  Tests  of  Hypotheses 

The  notation  used  throughout  this  section  is  ex- 
plained in  Table  XI. 

The  format  for  the  remainder  of  this  chapter  con- 
sists of  presenting  the  individual  level  results  of  the  hy- 
potheses tests  for  innovation,  followed  by  the  results  of 
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TABLE  XI 

NOTATION  FOR  HYPOTHESES  TESTS 


SYMBOL 


— _ 1 
MEANING 


r 


Sample  Correlation  Coefficient. 


N 

P 


Number  of  observations  (individuals  or  groups) 
upon  which  the  calculation  was  based.  (1) 

Probability  of  the  relationship  occuring 
by  chance. 


(1)  The  reader  may  recall  that  an  N of  154  implies  the 
individual  level  analyses,  and  an  N of  35  implies 
the  group  level  analyses. 


the  regression  analysis  for  innovation,  then  likewise  for 
productivity,  followed  by  the  canonical  analysis  and  a 
summary  of  the  tests.  A similar  format  is  followed  for  the 
group  level  results. 


5.2.1  Individual  Level  Analyses 

The  variable  abbreviations  used  in  the  individual 
level  analyses  are  defined  in  Table  XII. 


TABLE  XII 

VARIABLE  ABBREVIATIONS  (N  = 154) 


ABBREVIATION 

AGE 

EDCTN 

IGHOMO 


VARIABLE 

Age 

Educational  level 

Individual-group  homogeneity 
(technical  discipline) 
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TABLE  XXI  - continued 


ABBREVIATION 

VARIABLE 

GRADE 

Grade 

TINGRP 

Length  of  group  membership 

SC I ORE 

Scientist  or  Engineer 

TSEEXP 

Length  of  Scientific/Engineering 
experience 

TFEDSE 

Length  of  Federal  Government 
Employment  as  a scientist  or  engineer 

NWORKA 

Number  of  Work  Areas 

TNOTCH 

Per  cent  of  time  in  nontechnical 
activities 

PROMTG 

Frequency  of  attendance  at  professional 
society  meetings 

COMWIG 

Frequency  of  communication  with  other 
professionals  within  own  group  on 
technical  matters 

COMOUT 

Frequency  of  communication  with  other 
professionals  outside  own  group  but 
within  laboratory  on  technical  matters 

COMWGL 

Frequency  of  communication  with  group 
leader  on  technical  matters 

QPRESS 

Quantity  pressure 

IPRESS 

Innovation  pressure 

TPRESS 

Time  pressure 

RELPRS 

Air  Force  relevancy  pressure 

GLPCMP 

Group  leader  professional  competence 

PARTG 

Participation  on  goal  setting 

PART DM 

Participation  on  routine  decision 
making 

' 
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ABBREVIATION 

EMPTHY 

RWDSQ 

RWDSI 

EVAL 

MISSTB 

FREEDA 

TWORK 

MILCIV 

AGE  4 

AG4XED 

EMXCOL 

EMXLCP 

EMXPG 

EMXRWQ 

EMXRWI 

EMXEVL 


TABLE  XII  - continued 
VARIABLE 

Group  leader ' s empathy 

Rewards  for  quantity  of  output 

Rewards  for  innovation 

Group  leader's  evaluation  of  work 

Mission  stability 

Freedom/autonomy 

Type  of  Work 

Military  or  civilian 

Age  in  four  categories 

AGE 4 interaction  with  EDCTN 

EMPTHY  interaction  with  COMWGL 

EMPTHY  interaction  with  GLPCMP 

EMP'  HY  interaction  with  PARTG 

EMPTHY  interaction  with  RWDSQ 

EMPTHY  interaction  with  RWDSI 

EMPTHY  interaction  with  EVAL 


5. 2. 1.1  Innovation.  Hypotheses  were  tested  using 
26  variables  (variables  numbered  1,2  and  4 through  27  in 
Table  VII)  relative  to  innovation  at  the  individual  level. 
The  hypotheses  and  calculated  correlations  for  the  26  vari- 
ables relative  to  innovation  are  contained 
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in  Table  XIII 


relationship  between  education  and  innovation  (which  was 
formulated  before  it  was  decided  to  reverse  code  education) 
was  supported. 

The  length  of  scientific/engineering  experience 
(TSEEXP)  was  found  to  be  negatively  related  to  innovation 
(r  = -.183).  The  length  of  scientific/engineering  experience 
has  a high  relationship  with  age  (r  = .924).  This  may  account 
for  the  negative  relationship  of  the  length  of  scientific/ 
engineering  experience  with  innovation. 

The  length  of  Federal  Government  Employment  as  a 
scientist  or  engineer  (TFEDSE)  is  negatively  associated  with 
innovation  (r  = -.212).  This  confirmed  the  expectation  that 
length  of  employment  and  innovation  would  be  negatively  re- 
lated. The  relationship  was  originally  hypothesized  to  be 
linearly  negative  because  it  was  thought  that  the  length  of 
Federal  Government  Employment  as  a scientist  or  engineer  might 
have  been  a proxy  measure  of  intellectual  stagnation.  That  is 
the  longer  a person  worked  for  the  Federal  Government  as  a 
scientist  or  engineer,  the  more  complacent  and  isolated  from 
other  work  experiences,  and  obsolescent  he  became.  It  is 
difficult  to  determine  if  this  model  is  so  because  this  vari- 
able has  a high  association  (r  = .738)  with  age. 

The  frequency  of  communication  with  other  profes- 
sionals within  the  group  on  technical  matters  (COMWIG)  is 
positively  related  to  innovation  (r  = .161).  This  confirmed 
the  hypothesis  of  a positive  linear  association  between  this 
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communication  variable  and  innovation.  Stimulation  due  to 
contact  with  other  professionals  had  been  anticipated.  How- 
ever, of  all  the  communication  variables , only  communication 
within  the  group  was  found  to  be  significantly  related  to  in- 
novation. This  may  be  due  to  the  much  higher  number  of  con- 
tacts within  the  group  relative  to  the  other  three  communica- 
tion variables.  The  average  number  of  contacts  per  week  on 
technical  matters  within  the  group  is  close  to  13.  However, 
the  corresponding  number  for  contacts  outside  of  the  group  is 
less  than  five  and  for  contacts  with  the  group  leader  is  about 
three.  The  average  number  of  professional  society  meetings 
per  year  is  about  .9.  Thus,  the  pattern  of  results  for  com- 
munication may  be  partly  due  to  the  relative  number  of  con- 
tacts if  stimulation  is  proportional  to  contact. 

Twelve  variables  concerning  the  group  leader  (from 
innovation  pressure  (IPRESS)  through  freedom/ autonomy  (FREEDA) 
in  Table  XIII)  are  all  not  linearly  related  to  innovation 
(p > .05).  This  could  cause  one  to  wonder  about  the  influence 
that  the  group  leader  has  on  the  innovation  of  professionals 
in  his  group. 

In  addition  to  the  26  variables  referenced  in  Table 
XIII,  11  additional  variables  were  formulated  during  the 
data  analysis  phase.  There  were  no  hypotheses  associated  with 
these  11  variables.  The  11  variables  and  calculated  correla- 
tions with  innovation  are  listed  in  Table  XIV. 


TABLE  XIV 


RESULTS  OF  11  VARIABLES  WITH  INNOVATION  (N  = 


VARIABLES  11 > 

r<2) 

p (3) 

MILCIV 

.034 

N.S. 

NWORKA 

-.123 

N.S. 

IGHOMO 

.128 

N.S. 

AGE  4 

-.253 

<.01 

AG4XED 

-.365 

<.01 

EMXCOL 

-.023 

N.S. 

EMXLCP 

.039 

N.S. 

EMXPG 

.067 

N.S. 

EMXRWQ 

-.001 

N.S. 

EMXRWI 

.075 

N.S. 

EMXEVL 

.038 

N.S. 

(1)  The  abbreviations  used  are  defined  in  Table  XII. 

(2)  For  r = .158,  p = .05  and  for  r = .207,  p = .01. 

(3)  N.S.  means  not  significant. 

Age2 (in  four  categories  - AGE4)  has  a negative 
relationship  with  innovation  (r  = -.253).  Even  more  im- 
portantly, an  age  x education  interaction  variable2  (AG4XED) 
has  a higher  negative  relationship  with  innovation  (r  = -.36 

2 

The  coding  and  explanation  of  these  two  variables  are 
contained  in  Appendix  G. 
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It  should  be  recalled  that  education  had  been  reverse  coded 
such  that  Ph.D.  was  coded  one,  M.S.  two  and  B.S.  three.  Thus, 
the  image  suggested  by  the  negative  linear  relationship  of  the 
interaction  term  with  innovation  is  that  of  older,  less  edu- 
cated individuals  scoring  lower  on  innovation. 

Having  tested  the  hypotheses  and  examined  all  the 
zero  order  correlations,  the  regression  analysis  was  performed. 
Table  XV  is  a summary  of  the  regression  data. 


TABLE  XV 

STEPWISE  REGRESSION  ANALYSIS  FOR  INNOVATION  (N  = 154) 


STEP 

VARIABLE  d) 

MULTIPLE 

r 

SIGN  OF  BETA 
COEFFICIENT 

FINAL 

PARTIAL  Fuj 

1 

AG4XED 

.3652 

- 

34.63 

2 

GRADE 

.4293 

10.70 

3 

COMWIG 

.4486 

+ 

8.07 

4 

COMWGL 

.4726 

- 

6.50 

5 

RWDSI 

.4940 

+ 



4.04 

(1)  Abbreviations  used  are  in  Table  XII. 


(2)  F1 ,148 , . 95  = 3'91  and  * 1 ,148  , . 99  = 6,82 

\ 

The  age  x education  interaction  variable  (AG4XED) 
has  a negative  association  with  innovation,  once  the  effects 


of  the  other  predictors  are  partialed  out.  In  fact,  it  ac- 
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The  interaction  variable  supports  the  image  of  the  older, 
less  educated  individuals  scoring  lower  on  innovation. 

Federal  Civil  Service/Military  Grade  Level  has 
a positive  relationship  with  innovation,  given  the  presence 
of  the  other  variables.  This  is  of  some  interest  because 
grade  had  been  hypothesized  to  be  positively  related  with 
innovation.  The  positive  relationship  may  suggest  that  in- 
novative individuals  are  being  promoted. 

Communication  with  other  professionals  within  the 
group  on  technical  matters  (COMWIG)  has  a positive  relation- 
ship with  innovation  (partial  F = 8.07).  This  relationship 
is  in  accordance  with  the  positive  relationships  between 
this  communication  variable  and  innovation  evidenced  by  r = 
.161. 

Communication  with  the  group  leader  on  technical 
matters  (COMWGL)  has  a negative  relationship  with  innovation, 

after  the  effects  of  the  other  predictors  are  partialed  out. 

< 

This  was  suprising  because  a positive  linear  relationship 
between  this  communication  variable  and  innovation  had  been 
hypothesized.  The  idea  of  stimulation  due  to  contact  with 
others  was  previously  mentioned.  This  concept  seems  to  be 
supported  by  the  positive  association  of  communication  with- 
in the  group  and  innovation.  Did  the  negative  association 
of  communication  with  the  group  leader  and  innovation  imply 
inhibition  due  to  contact  with  the  leader?  Were  the  group 
leaders  telling  their  subordinates  how  not  to  do  things , and 
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what  had  not  worked  before?  The  answers  to  these  questions 
are  unknown,  as  is  the  reason  for  the  negative  relation- 
ship. 

The  rewards  for  innovation  variable  (RWDSI)  has 
a positive  relationship  with  innovation  (partial  F = 4.04). 
Perhaps  this  finding  with  Skinnerian  overtones  implies  an 
instance  in  which  the  group  leader  has  some  influence  on  the 
innovation  of  the  professionals  in  his  group. 

Once  the  regression  had  been  performed,  the  resid- 
uals were  examined.  Plots  of  the  residuals  versus  the  pre- 
dictor variables  in  the  equation,  as  well  as  versus  the  pre- 
dicted values  of  innovation  revealed  no  abnormalities  in  the 
residuals.  A plot  of  the  154  residuals  on  normal  probability 
paper  did  not  cause  the  assumption  of  normally  distributed 
residuals  to  be  rejected.  Thus,  reasonable  assurance  was 
obtained  that  the  assumptions  required  for  significance  tests 
in  regression  were  not  violated. 

5. 2. 1.2  Productivity . The  hypotheses  and  calcu- 
lated correlations  for  26  variables  relative  to  productivity 
at  the  individual  level  are  contained  in  Table  XVI. 

Age  is  negatively  related  to  productivity  ( r = -.248). 
This  lead  to  the  rejection  of  the  null  hypothesis  that  no 
linear  relationship  between  age  and  productivity  existed. 

Further  comment  is  reserved  until  an  interaction  term  in- 
volving age  is  added. 


lL 


TABLE  XVI  - continued 


r (3) 

p(4) 

.214 

A 

• 

o 

.108 

N.S. 

.237 

<.01 

.199 

<.05 

.011 

N.S. 

.078 

N.S. 

.030 

N.S. 

.065 

N.S. 

-.100 

N.S. 

VARIABLE 


PARTG 

PARTDM 

EMPTHY 

RWDSI 

RWDSQ 

EVAL 

FREED A 

MISSTB 

TWORK 


Educational  level  (EDCTN)  is  negatively  associated 
with  productivity  ( r = -.195).  It  may  be  recalled  that  edu- 
cational level  was  reverse  coded.  Thus,  the  hypothesis  of  a 
positive  linear  relationship  between  education  and  produc- 
tivity was  supported  by  the  data. 

Both  the  length  of  scientific/engineering  experi- 
ence (TSEEXP)  and  the  length  of  Federal  Government  Employ- 
ment as  a scientist  or  engineer  (TFEDSE)  are  negatively  re- 
lated to  productivity ( r = -.192  and  -.196,  respectively). 

Both  of  these  predictor  variables  are  highly  associated  with 
age  ( r = .924  and  r = .738,  respectively).  Age  is  negatively 
related  to  productivity  ( r = -.248).  This  may  account  for 
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the  negative  relationships  of  the  length  of  scientific/en- 
gineering experience  and  the  length  of  Federal  Government 
Employment  as  a scientist  or  engineer  with  productivity. 

The  frequency  of  communication  with  other  pro- 
fessionals within  the  group  on  technical  matters  (COMWIG) 
is  positively  associated  with  productivity  ( r = .210). 

This  confirmed  the  hypothesis  of  a positive  linear  relation- 
ship between  this  communication  variable  and  productivity. 

Four  variables  concerning  the  group  leader  are  pos- 
itively related  to  productivity.  Air  Force  relevancy  pressure 
(RELPRS)  is  positively  related  to  productivity  ( r = .192). 

The  rewards  for  innovation  (RWDSI)  variable  has  a positive 
relationship  with  productivity  ( r = .199).  The  reader  may 
recall  that  the  rewards  for  innovation  variable  is  positively 
related  to  innovation  as  evidenced  by  the  regression.  Thus, 
rewards  for  innovation  has  a positive  relationship  with  both 
innovation  and  productivity.  Participation  on  goal  setting 
(PARTG)  and  the  group  leader's  empathy  (EMPTHY)  are  both  pos- 
itively related  ( p<.01)  with  productivity.  Further  comment 
is  reserved  until  some  interaction  terms  involving  empathy 
are  discussed. 

In  addition  to  the  26  variables  referenced  in  Table 
XVI , 11  additional  variables  were  formulated  during  the  data 
analysis  phase.  The  11  variables  and  calculated  correlations 
with  productivity  are  listed  in  Table  XVII. 


TABLE  XVII 


RESULTS  OF  II  VARIABLES  WITH  PRODUCTIVITY  (N  = 154) 


VARIABLE 

r{2) 

p<3) 

MILCIV 

.032 

N.S. 

NWORKA 

-.112 

N.S. 

IGHOMO 

.121 

N.S. 

AGE  4 

-.217 

<•01 

AG4XED 

-.263 

•^.01 

EMXCOL 

.098 

N.S. 

EMXLCP 

.188 

<•05 

EMXPG 

.264 

<.01 

EMXRWQ 

.096 

N.S. 

EMXRWI 

.203 

<.05 

EMXEVL 

.173 

<.05 

(1)  The  abbreviations  used  are  defined  in  Table  XII. 

(2)  For  r = .158,  p = .05  and  for  r = .207,  p = .01. 

(3)  N.S.  means  not  significant. 

Four  of  the  six  interaction  terms  involving  empathy 
in  Table  XVII  are  positively  related  to  productivity.  This 
may  be  due  primarily  to  the  positive  relationship  of  empathy 
and  productivity.  In  ascending  order  of  magnitude,  the  inter- 
actions of  empathy  with  group  leader  evaluation  of  work 
(EMXEVL) , empathy  with  group  leader  professional  competence 
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( EMXLCP ) , empathy  with  rewards  for  innovation  (EMXRWI) , and 
empathy  with  participation  on  goal  setting  (EMXPG)  all  are 
positively  related  to  productivity  ( r = .173,  r = .188, 
r = .203,  and  r = .264,  respectively).  The  variable  formed 
by  the  interaction  of  empathy  with  participation  on  goal 
setting  has  the  highest  zero  order  correlation  of  all  the 
predictor  variables  with  productivity  ( r = .264). 

Age  (in  four  categories  - AGE 4 ) has  a negative  re- 
lationship with  productivity  ( r = -.217).  Even  more  im- 
portantly, the  age  x education  interaction  variable  (AG4XED) 
has  a higher  negative  relationship  with  productivity  ( r = 
-.263).  The  negative  relationship  of  this  interaction  term 
with  productivity  implies  that  older,  less  educated  individ- 
uals score  lower  on  productivity.  This  is  analogous  with  the 
implication  formed  by  the  innovation  analysis. 

Attention  is  now  focused  on  the  regression  analysis 
since  all  the  hypotheses  have  been  tested  and  all  the  zero 
order  correlations  have  been  examined.  Table  XVIII  is  a 
summary  of  the  regression  analysis. 

The  variable  formed  by  the  interaction  of  empathy 
with  participation  on  goal  setting  (EMXPG)  has  a positive 
relationship  with  productivity,  once  the  effects  of  the  other 
predictor  variables  are  partialed  out.  The  interpretation  of 
this  interaction  term  centers  around  the  fact  that  both  ele- 
ments in  the  interaction  dealt  with  the  group  leader.  The 
group  leader's  empathy  had  been  defined  in  the  questionnaire 
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TABLE  XVIII 

STEPWISE  REGRESSION  ANALYSIS  FOR  PRODUCTIVITY  (N  = 154) 


STEP 

VARIABLE (1) 

MULTIPLE 

r 

SIGN  OF  BETA 
COEFFICIENT 

FINAL  (2) 
PARTIAL  F^' 

1 

EMXPG 

.2636 

+ 

11.47 

2 

AG4XED 

.3712 

3 

COMWIG 

.4074 

+ 

4.08 

4 

GRADE 

.4284 

+ 

9.13 

5 

AGE 

.4602 

- 

20.23 

6 

AG4XED 

.4582 

(REMOVED) 

(1)  Abbreviations  used  are  in  Table  XII. 


(2)  F1 ,149 , . 95  = 3‘91  and  F1 ,149 , . 99  = 6*82' 

(Appendix  C)  as  "he  understands  my  feelings."  Participation 
with  the  group  leader  on  goal  setting  had  been  defined  in  the 
questionnaire  as  "he  shares  this  function  with  me."  The  in- 
teraction of  the  two  variables  implies  a quality  dimension 
of  participation,  or  genuine  participation.  A picture  of  the 
leader  attempting  to  really  understand  the  individuals  as  he 
shares  the  goal  setting  function  with  them  came  to  mind.  This 
could  be  contrasted  to  the  "make  them  'think'  they  are  partic- 
ipating-but  really  retain  all  the  power"  type  attitude. 

Age  was  found  to  be  negatively  related  to  produc- 
tivity by  both  the  regression  and  correlation  analyses.  In 
fact,  age  is  so  highly  related  to  productivity  (partial  F = 
20.23)  that  it  replaced  the  age  x education  interaction  vari- 


able  (AG4XED)  from  the  regression. 

Grade  is  positively  related  to  productivity  once 
the  effects  of  the  other  predictor  variables  are  partialed 
out.  This  is  of  interest  because  grade  had  been  hypoth- 
esized to  have  a positive  linear  relationship  with  produc- 
tivity. 

Communication  with  other  professionals  within  the 
group  on  technical  matters  (COMWIG)  was  found  to  have  a 
positive  relationship  with  productivity.  This  communication 
variable  is  consistently  related  to  performance.  It  is  posi- 
tively related  to  both  criteria. 

The  residuals  due  to  the  regression  were  examined. 
This  examination  did  not  cause  any  of  the  assumptions  re- 
quired for  significance  tests  in  regression  to  be  rejected. 

Once  the  relationships  of  the  predictors  to  inno- 
vation and  productivity  separately  had  been  analyzed,  the 
relationships  of  the  predictors  to  innovation  and  productivity 
jointly  were  analyzed. 

5. 2. 1.3  Canonical  analysis . The  relationship 
between  innovation  and  productivity  was  found  to  be  high 
(r  = .735) . This  compares  with  a high  relationship  between 
immediate  supervisor  rankings  of  creativity  and  productivity 
( r = .70)  found  by  Ellison,  et  al . (1968).  Andrews  and 
Farris  (1972)  found  a high  relationship  between  judge  rank- 
ings of  innovation  and  productiveness  ( r = .70).  McCarrey 
and  Edwards  (1973)  reported  a strong  relationship  between 
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peer  rankings  of  creativity  and  productivity  t r = .75) . 
Productivity  and  innovation  do  indeed  seem  to  be  highly  re- 
lated. 

Since  there  are  two  criterion  variables  and  37 
predictor  variables , two  canonical  roots  were  formed  with  the 
following  results. 


TABLE  XIX 

CANONICAL  ROOTS  (N  = 154) 


ROOTS (1) 

CHI  SQUARE 

d.f. 

P 

.3992 

68.28 

38 

.003 

.2879 

45.50 

36 

.139 

2 

(1)  The  roots  = R , i.e.  the  amount  of  shared  variance  be- 
tween the  two  canonical  variate  sets. 

(2)  D.f.  means  degrees  of  freedom. 

Since  the  second  canonical  root  is  not  significant, 
it  is  not  discussed  further. 

The  redundancy  of  the  criterion  set  for  the  first 
root  is  .3177.  In  other  words,  almost  one  third  of  the  vari- 
ance of  the  criterion  variables  is  shared  by  the  predictor 
canonical  variates. 

Table  XX  contains  the  canonical  loadings  for  the 
one  significant  canonical  root. 


TABLE  XX  - continued 


VARIABLE  11 } 

LOADING 

GLPCMP 

.1469 

PARTG 

.3218 

PARTDM 

.1523 

EMPTHY 

.3665 

RWDSQ 

.0103 

RWDSI 

.3063 

EVAL 

.1119 

MIS STB 

.0899 

FREEDA 

.0578 

TWORK 

-.1462 

MILCIV 

.0517 

AGE  4 

-.3546 

AG4XED 

-.4369 

EMXCOL 

.1424 

EMXLCP 

.2890 

EMXPG 

.4028 

EMXRWQ 

.1428 

EMXRWI 

.3110 

EMXEVL 

.2626 

Substantial  relationships  are  evidenced  by  canon- 
ical loadings  greater  than  or  equal  to  .300  (section  4. 3. 3. 3). 
Those  loadings  are  underlined. 

The  dimension  on  the  criterion  side  might  be  char- 
acterized as  high  performance  since  both  criteria  load  heavily 
on  it.  However,  productivity  is  somewhat  dominant. 

It  is  not  so  easy  to  label  the  dimension  on  the  pre- 
dictor side  since  there  are  so  many  different  kinds  of  vari- 
ables with  substantial  loadings. 

Analysis  of  the  canonical  loadings  in  Table  XX  in 
conjunction  with  the  two  preceding  separate  analyses  of  in- 
novation and  productivity  reveals  seme  recurring  results. 

The  age  x education  interaction  variable  (AG4XED) 
was  found  to  have  a negative  relationship  with  the  joint  cri- 
teria. Actually,  it  has  the  highest  loading  of  all  the  37 
predictor  variables  with  the  bivariate  criteria.  The  negative 
relationship  of  this  age  x education  interaction  variable  with 
the  criterion  set  is  consistent  with  the  negative  relation- 
ships this  variable  has  with  innovation  and  productivity  sep- 
arately. Indeed,  this  variable  seems  to  be  a consistent  and 
important  predictor  of  performance. 

Two  age  variables  (age  and  age  in  four  categories  - 
AGE 4 ) both  have  negative  relationships  with  the  joint  criteria. 
These  negative  relationships  with  the  joint  criteria  are  con- 
sistent with  the  negative  relationships  that  these  two  age 
variables  both  have  with  innovation  and  productivity  separately. 


Education  (EDCTN)  is  negatively  related  to  the  bi- 
variate criteria.  This  negative  relationship  with  the  joint 
criteria  is  consistent  with  the  negative  relationships  of 
education  with  innovation  and  productivity  separately. 

Length  of  scientific/engineering  experience  (TSEEXP) 
and  length  of  Federal  Government  Employment  as  a scientist  or 
engineer  (TFEDSE)  both  have  negative  relationships  with  the 
joint  criteria.  These  negative  relationships  with  the  joint 
criteria  are  consistent  with  the  negative  relationships  that 
these  two  variables  both  have  with  innovation  and  productivity 
separately.  However,  it  must  be  remembered  that  these  two 
variables  are  highly  related  with  age  ( r = .924  and  r = .738, 
respectively).  Thus,  these  two  variables  may  be  proxy  measures 
of  age  and  telling  the  same  story  as  the  age  variable. 

Communication  with  other  professionals  within  the 
group  on  technical  matters  (COMWIG)  is  consistently  related 
to  performance.  This  communication  variable  has  a positive 
relationship  with  the  joint  criteria,  and  positive  relation- 
ships with  each  criterion  separately. 

The  rewards  for  innovation  variable  (RWDSI)  is 
also  consistently  related  to  performance . It  is  positively 
related  to  the  joint  criteria,  and  positively  related  to  in- 
novation and  productivity  separately. 

The  next  five  variables  discussed  have  substantial 
relationships  with  the  joint  criteria.  However,  none  of  these 
five  variables  is  significantly  related  to  innovation  by  it- 
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self.  The  substantial  relationships  of  these  five  variables 
with  the  joint  criteria  may  be  due  to  their  significant  re- 
lationships with  productivity,  and  the  relative  dominance  of 
productivity  in  the  joint  criteria.  Thus,  these  variables  are 
not  as  consistently  related  to  performance  as  are  the  preced- 
ing variables.  Hence,  the  value  of  these  five  variables  in 
a joint  analysis  is  debatable.  These  five  variables  with 
their  canonical  loadings  are:  empathy  x participation  on  goals 
interaction  (EMXPG)  ( .4028) ; empathy  (EMPTHY)  ( . 3665) ; participa- 
tion on  goals  (PARTG)  (.3218);  empathy  x rewards  for  innovation 
interaction  (EMXRWI)  ( . 3110) ; and  Air  Force  relevancy  pressure 
(RELPRS) (. 3041) . Their  loadings  are  almost  directly  propor- 
tional to  their  zero  order  correlations  with  productivity  ( . 26 , 
.24,  .21,  .20,  and  .19,  respectively).  This  tends  to  confirm 
the  preceding  comments  concerning  the  hypothesized  reason  for 
their  substantial  relationships  with  the  joint  criteria,  and 
the  relative  dominance  of  productivity  in  this  canonical  di- 
mension. 

5. 2. 1.4  Summary  of  individual  level  relationships. 
Analysis  of  the  relationships  between  the  predictor  variables 
and  the  joint  criteria  provides  a summary  of  all  the  preceding 
relationships.  The  associations  between  the  predictors  and 
the  criteria  are  systematically  summarized  in  Table  XXI.  The 
table  contains,  for  all  37  predictor  variables,  the  signifi- 
cant zero  order  correlations  with  both  criterion  variables , 
the  significant  F values  from  the  regression  analyses  with 


innovation  and  productivity,  and  the  substantial  canonical 
loadings  with  the  bivariate  criteria. 


TABLE  XXI 

SUMMARY  OP  RELATIONSHIPS  (N  = 154) 


PRODUCTIVITY  INNOVATION 


VARIABLE 


CANONICAL 

LOADING 


-.248  (-)  20.2  -.232 


-.398 


EDCTN 


-.304 


-.329 


GRADE 


(+)  9.1 


(+)  10.7 


SCIORE 


TSEEXP 


-.183 


-.309 


TFEDSE 


-.212 


-.319 


TINGRP 


TNOTCH 


PROMTG 


COMWIG 


,210  (+)  4.1  .161  (+)  8.1  .333 


COMOUT 


COMWGL 


(-)  6.5 


IPRESS 


QPRESS 


TPRESS 


(1)  The  abbreviations  used  are  defined  in  Table  XII. 

(2)  The  signs  refer  to  the  sign  of  the  beta  coefficient 


Some  variables  referenced  in  Table  XXX  are  con- 
sistently related  to  performance.  By  consistent  is  meant, 
a variable  is  related  to  innovation  and  productivity  sepa- 
rately, and  related  to  them  jointly. 

The  age  x education  interaction  variable  (AG4XED) , 
age,  age (in  four  categories  - AGE4) , the  two  pseudo  age  vari- 
ables (length  of  scientific/engineering  experience-TSEEXP , 
and  length  of  Federal  Government  Employment  as  a scientist  or 
engineer-TFEDSE) , and  education  (EDCTN) , all  are  consistently 
negatively  related  to  performance.  The  consistent  relation- 
ships with  performance  exhibited  by  this  age,  education  demo- 
graphic cluster  of  variables  have  some  interesting  implica- 
tions when  compared  to  other  studies.  Two  studies  corrected 
their  measures  to  covary  out  the  effect  of  experience: 

Andrews  and  Farris  (1972) ; and  Pelz  and  Andrews  (1966) . Five 
studies  corrected  for  education:  Andrews  and  Farris  (1972) ; 
Ellison,  et  al.  (1968);  Farris  (1969);  Pelz  (1956);  and  Pelz 
and  Andrews  (1966) . The  failure  to  correct  for  age  at  the 
individual  level  is  noteworthy.  Of  even  more  importance  is 
the  treatment  of  the  experience-education  group  of  variables 
as  noise  variables  to  be  covaried  out.  The  implications  for 
selection  and  assignment  of  these  demographic  variables  that 
are  related  to  performance  is  so  obvious  that  they  deserve 
more  attention  than  noise  variables  to  be  covaried  out. 

Communication  with  other  scientists/engineers  with- 
in the  group  (COMWIG)  is  consistently  positively  related  to 


performance  at  the  individual  level.  This  finding  is  support- 
ed by  several  other  research  studies.  Pelz  and  Andrews  (1966) , 
Pelz  (1956),  Keeler  (1966),  Farris  (1969),  Aram,  Morgan  and 
Esbeck  (1971),  and  Kallick  (1964)  all  found  significant/  sub- 
stantial relationships  between  communication/contact  with 
colleagues  and  individual  performance. 

The  rewards  for  innovation  variable  (RWDSI)  is 
consistently  positively  related  to  individual  performance. 
Studies  by  Keeler  (1966) , Kallick  (1964) , McCarrey  and  Edwards 
(1973) , and  Vollmer  (1963)  support  this  finding  at  the  indi- 
vidual level . 

5.2.2  Group  Level  Analyses 

The  variable  abbreviations  used  in  the  group  level 
analyses  are  defined  in  Table  XXII. 


TABLE  XXII 


VARIABLE  ABBREVIATIONS  (N  = 35) 


ABBREVIATION 


VARIABLE 


EDCTN 


GHETER 


GRADE 


TINGRP 


Educational  level 

Group  heterogeneity-technical  discipline 
Grade 

Length  of  group  membership 
Percent  of  group  that  is  scientists 


L Jfefc,  - *• 


PSCI 
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ABBREVIATION 

TSEEXP 

TFEDSE 

NWORKA 

TNOTCH 

PROMTG 

COMWIG 

COMOUT 

COMWGL 

QPRESS 

IPRESS 

TPRESS 

RELPRS 

GLPCMP 

PARTG 

PARTDM 

EMPTHY 

RWDSQ 

RWDSI 


TABLE  XXII  - continued 
VARIABLE 

Length  of  scientific/engineering 
experience 

Length  of  Federal  Government  Employment 
as  a scientist  or  engineer 

Number  of  Work  Areas 

Per  Cent  of  Time  in  nontechnical 
activities 

Frequency  of  attendance  at  professional 
society  meetings 

Frequency  of  communication  with  other 
professionals  within  own  group  on 
technical  matters 

Frequency  of  communication  with  other 
professionals  outside  own  group  but 
within  laboratory  on  technical  matters 

Frequency  of  communication  with  group 
leader  on  technical  matters 

Quantity  Pressure 

Innovation  Pressure 

Time  Pressure 

Air  Force  Relevancy  Pressure 

Group  leader  professional  competence 

Participation  on  goal  setting 

Participation  on  routine  decision  making 

Group  leader ' s empathy 

Rewards  for  quantity  of  output 

Rewards  for  innovation 


-AC*  At- 
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TABLE  XXII  - continued 
VARIABLE 

Group  leader's  evaluation  of  work 
Mission  stability 
Freedom/ autonomy 
Type  of  work 

Percent  of  group  that  is  military 
Age  in  four  categories 
AGE 4 interaction  with  EDCTN 
Number  of  Work  Units  in  a group 
Group  size 

2 

(Group  size-average  group  size) 

Laboratory  One 
Laboratory  Two 

5. 2. 2.1  Innovation.  Hypotheses  were  tested  using 
30  variables^  (variables  numbered  one  through  27  and  36  through 
38  in  Table  VII)  relative  to  innovation  at  the  group  level. 

The  hypotheses  and  calculated  correlations  for  the  30  predic- 
tor variables  relative  to  innovation  are  contained  in  Table 
XXIII. 

Only  one  variable  listed  in  Table  XXIII  is  signifi- 
cantly related  to  innovation.  Communication  with  other 

3 

The  laboratory  variable,  coded  LABI  and  LAB2,  is  viewed  as 
one  variable.  The  titles  LABI  and  LAB2  were  used  instead 
of  LAB  A,  B and  C as  in  Part  IV  to  preserve  the  anonymity 
of  the  labs. 


ABBREVIATION 
EVAL 
MISSTB 
FREEDA 
TWORK 
PMIL 
AGE  4 
AG4XED 
NWU 
GRPSIZ 
GRPSZ2 
LABI 
LAB  2 


L58 


TABLE  XXIII 


TESTS  OF  HYPOTHESES  FOR  INNOVATION  (N  = 35 


EIJCTtJ 


GRADE 


TINGRP 


TNOTCH 


PROMTG 


COMWIG 


L59 


TABLE  XXIII  - continued 


VARIABLE 


GLPCMP 

PARTG 

PARTDM 

EMPTHY 

RWDSI 

RWDSQ 

EVAL 

FREEDA 

MISSTB 

TWORK 

NWU 

GRPSIZ 

LABI 

LAB  2 


r (3) 

p«> 

.142 

N.S. 

.202 

N.S. 

.021 

N.S. 

.118 

N.S. 

.175 

N.S. 

.024 

N.S. 

.272 

N.S. 

.013 

N.S. 

-.202 

N.S. 

.097 

N.S. 

-.313 

N.S. 

.042 

N.S. 

-.167 

N.S. 

.172 

N.S. 

professionals  within  the  group  on  technical  matters  (COMWIG) 
has  a positive  relationship  with  innovation  ( r = .332). 

This  confirmed  the  hypothesis  that  a positive  linear  relation 
ship  existed  between  this  communication  variable  and  innova- 
tion. 

None  of  the  demographic  variables  listed  in  Table 
XXIII  that  are  significantly  related  to  innovation  at  the  in- 
dividual level  are  significantly  related  to  innovation  at  the 
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group  level.  Apparently,  the  process  of  forming  group  averages 
has  deleted  much  of  the  range  associated  with  these  variables 
and  has  masked  their  relationships  with  innovation. 

Twelve  variables  concerning  the  group  leader  (from 
innovation  pressure  (IPRESS)  through  freedom/ autonomy  (FREEDA) 
in  Table  XXIII)  were  not  found  to  be  related  to  innovation 
(p  > .05) . 

In  addition  to  the  30  variables  referenced  in  Table 
XXIII,  five  additional  variables  were  formulated  during  the 
data  analysis  phase.  There  were  no  hypotheses  associated  with 
these  five  variables.  The  five  variables  and  calculated  cor- 
relations with  innovation  are  listed  in  Table  XXIV. 

TABLE  XXIV 

RESULTS  OF  FIVE  VARIABLES  WITH  INNOVATION  (N  = 35) 


VARIABLE 

r (2) 

p(3) 

NWORKA 

-.434 

<.01 

PMIL 

.293 

N.S. 

AGE  4 

-.341 

<.05 

AG4XED 

-.252 

N.S. 

GRPSZ2 

.095 

N.S. 

(1)  The  abbreviations  used  are  defined  in  Table  XXII 

(2)  For  r = .334,  p = .05  and  for  r = .430,  p = .01. 

(3)  N.S.  means  not  significant. 
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Number  of  Work  Areas  (NWORKA)  has  a significant 
negative  relationship  with  innovation  (r  = -.434).  It  may 
be  recalled  that  this  variable  was  a count  of  the  different 
types  of  work  performed,  including  research,  engineering 
development,  system  program  office  support,  and  other.  The 
relationship  indicates  that  work  in  a number  of  different  areas 
is  negatively  related  to  innovation.  Perhaps,  at  the  group 
level,  this  relationship  is  indicative  of  the  group  working 
in  so  many  areas  that  it  cannot  develop  enough  expertise  to 
be  innovative  in  any  of  the  areas. 

The  age  variable  (AGE 4 ) is  negatively  related  to 
innovation  ( r = -.341).  Whereas  this  is  the  only  demographic 
variable  related  to  innovation  at  the  group  level,  and  its  as- 
sociated correlation  barely  reaches  statistical  significance, 
further  credence  is  lent  to  the  supposition  that  the  grouping 
process  has  masked  the  relationships  of  the  demographic  vari- 
ables with  innovation. 

A summary  of  the  data  from  the  regression  is  con- 
tained in  Table  XXV. 

Number  of  work  areas  (NWORKA)  is  negatively  related 
to  innovation  once  the  effects  of  t:  e other  predictors  are 
partialed  out.  This  variable's  negative  association  with  in- 
novation is  also  substantiated  by  its  correlation  with  innova- 
tion ( r = -.434) . 

Communication  with  other  professionals  within  the 


group  on  technical  matters  (COMWIG)  is  positively  related  to 


TABLE  XXV 

STEPWISE  REGRESSION  ANALYSIS  FOR  INNOVATION  (N 


VARIABLE (1) 

MULTIPLE 

r 

NWORKA 

.4340 

COMWIG 

.5199 

COMWGL 

.5702 

LABI 

.6510 

RWDSI 

.6890 

MISSTB 

.7442 

RWDSQ 

.7838 

TINGRP 

.8175 

COEFFICIENT 


FINAL 

PARTIAL  F(2) 

4. 

67 

15. 

86 

9. 

77 

8. 

82 

12. 

58 

4. 

83 

6. 

17 

4. 

23 

(1)  The  abbreviations  used  are  defined  in  Table  XXII. 

(2)  Fl,26 , . 95  = 4,23  and  Fl,26, .99  = 7,72 

innovation  (partial  F = 15.86).  This  is  in  accordance  with 
the  positive  relationship  of  this  communication  variable  and 
innovation  evidenced  by  the  associated  significant  zero  order 
r.  It  also  confirms  this  variable's  consistently  positive 
relationship  with  performance  noted  in  the  individual  level 
analyses . 

Communication  with  the  group  leader  on  technical 
matters  (COMWGL)  has  a negative  relationship  with  innovation, 
given  the  presence  of  the  other  predictor  variables.  This 
was  a surprise  because  a positive  linear  relationship  between 
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this  communication  variable  and  innovation  had  been  hypothe- 
sized. Some  possible  explanations  for  the  negative  relation- 
ship are  offered  in  section  5. 2. 1.1. 

The  rewards  for  innovation  (RWDSI)  variable  has  a 
positive  relationship  with  innovation  (partial  F = 12.58). 

The  positive  relationship  confirms  this  variable's  consis- 
tently positive  relationship  with  performance  noted  in  the 
individual  level  analyses. 

Rewards  for  quantity  of  output  (RWDSQ)  has  a negative 
association  with  innovation,  once  the  effects  of  the  other 
predictor  variables  are  partialed  out.  Apparently,  the  group 
perception  of  quantity  of  output  (without  regard  to  quality 
of  output)  being  rewarded  is  negatively  associated  with  in- 
novation. This  negative  association  confirmed  the  hypothesis 
of  a negative  linear  relationship  between  this  variable  and 
innovation. 

Mission  stability  (MTSSTB)  has  a negative  relation- 
ship with  innovation,  once  the  effects  of  the  other  predictor 
variables  are  partialed  out.  This  negative  relationship  im- 
plies that  a group  whose  mission  has  changed  little,  is  less 
innovative.  "Plowing  the  same  ground"  or  "reinventing  the 
same  wheel"  by  definition  does  not  seem  to  be  much  of  an  op- 
portunity for  innovation . 

Length  of  group  membership  (TINGRP)  has  a negative 
relationship  with  innovation  (partial  F = 4.23).  This  nega- 
tive relationship  implies  that  groups,  which  on  the  average 
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have  been  together  a shorter  period  of  time,  are  more  in- 
novative. Groups  that  take  on  new  members  as  opposed  to  long 
standing  groups  with  relatively  constant  membership,  apparently 
are  more  innovative.  Perhaps  the  addition  of  new  members  has 
a stimulating  effect. 

The  Laboratory  One  (LABI)  variable  has  a negative  re- 
lationship with  innovation  (partial  F = 8.82).  This  negative 
relationship  was  surprising  since  the  lab  was  three  organiza- 
tional levels  above  the  group. 

Examination  of  the  residuals  did  not  cause  any  of  the 
assumptions  required  for  significance  testing  in  regression 
to  be  rejected. 

Attention  was  focused  on  productivity,  once  the  re- 
lationships of  all  the  predictor  variables  with  innovation  had 
been  analyzed. 

5 *2. 2. 2 Productivity . The  hypotheses  and  calculated 
correlations  for  30  predictor  variables  with  productivity  at 
the  group  level  are  contained  in  Table  XXVI. 

Five  predictor  variables,  all  concerning  the  group 
leader,  are  significantly  related  to  group  level  productivity. 
Three  of  these  group  leader  variables  have  significant  rela- 
tionships with  productivity  at  the  individual  level . 

The  rewards  for  innovation  (RWDSI)  variable  has  a 
positive  relationship  with  group  level  productivity  (r  = .406). 
This  rewards  variable  is  consistently  positively  related  to 
performance  as  evidenced  by  this  analysis,  the  group  level 


TABLE  XXVI 

TESTS  OP  HYPOTHESES  FOR  PRODUCTIVITY  (N 


VARIABLE 


AGE 

EDCTN 

GHETER 

GRADE 

PSCI 

TSEEXP 

TFEDSE 

TINGRP 

TNOTCH 

PROMTG 

COMWIG 

COMOUT 

COMWGL 

IPRESS 

QPRESS 

TPRESS 

RELPRS 


V1 2 3 4’ 


r (3) 

p(4) 

■ 

-.142 

N.S. 

.005 

N.S. 

.077 

N.S. 

-.025 

N.S. 

-.055 

N.S. 

-.154 

N.S. 

-.182 

N.S. 

-.133 

N.S. 

.155 

N.S. 

-.119 

N.S. 

.175 

N.S. 

-.223 

N.S. 

-.043 

N.S. 

.276 

N.S. 

.165 

N.S. 

.195 

N.S. 

.227 

N.S. 

(1)  The  variable  abbreviations  are  defined  in  Table  XXII. 

(2)  + means  positively  significant,  - means  negatively  sig 
nificant,  0 means  not  significant. 

(3)  For  r = .334,  p = .05  and  for  r = .430,  p = .01. 

(4)  N.S.  means  not  significant. 


TABLE  XXVI  - continued 


VARIABLE 

H tf) 
0 

r(3) 

P(4) 

GLPCMP 

+ 

.403 

<.05 

PARTG 

+ 

. 416 

<.05 

PART DM 

+ 

.309 

N.S. 

EMPTHY 

0 

.379 

<.05 

RWDSI 

- 

.406 

<.05 

RWDSQ 

+ 

.205 

N.S. 

EVAL 

+ 

.480 

<.01 

FREEDA 

0 

-.149 

N.S. 

MISSTB 

+ 

.065 

N.S. 

TWORK 

0 

-.040 

N.S. 

NWU 

+ 

-.300 

N.S. 

GRPSIZ 

+ 

.023 

N.S. 

LABI 

0 

-.149 

N.S. 

LAB  2 

0 

.086 

N.S. 

innovation  analysis,  and  the  individual  level  analyses.  Par- 
ticipation on  goal  setting  (PARTG) , and  the  group  leader's 
empathy  (EMPTHY) , are  positively  related  to  productivity  (r  = 

.416  and  r = .379,  respectively).  Both  of  these  predictor 
variables  have  positive  relationships  with  individual  level 
productivity. 

Group  leader  professional  competence  (GLPCMP)  has 
a positive  relationship  with  group  level  productivity  (r  = .403). 


This  confirms  the  associated  hypothesis  of  a positive  linear 
relationship  between  professional  competence  of  the  group 
leader  and  the  group's  productivity. 

The  group  leader's  evaluation  of  the  work  (EVAL)  is 
positively  related  to  group  level  productivity  (r  = .480). 
This  confirms  the  associated  hypothesis  of  a positive  linear 
relationship  between  evaluation  and  productivity. 

In  addition  to  the  30  variables  referenced  in  Table 
XXVI,  five  additional  variables  were  formulated  during  the 
data  analysis  phase.  The  five  variables  and  calculated  cor- 
relations with  productivity  are  listed  in  Table  XXVII. 

Little  needs  to  be  said,  as  none  of  the  relation- 
ships are  significant . 


TABLE  XXVII 

RESULTS  OF  FIVE  VARIABLES  WITH  PRODUCTIVITY  (N  = 35) 


VARIABLE 

r1 (2) 3 

p<3> 

NWORKA 

-.284 

N.S. 

PMIL 

.201 

N.S. 

AGE  4 

-.161 

N.S. 

AG4XED 

-.006 

N.S. 

GRPSZ2 

-.034 

N.S. 

(1)  The  abbreviations  used  are  defined  in  Table  XXII. 

(2)  For  r = .334,  p = .05  and  for  r =>  .430,  p = .01. 

(3)  N.S.  means  not  significant. 
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The  productivity  regression  analysis  was  started 
with  an  N = 36.  That  regression  selected  only  one  variable 
as  being  related  to  productivity.  Participation  on  goal  set- 
ting was  found  to  be  positively  related  to  productivity  (partial 
F = 8.27).  However,  a plot  of  the  residuals  on  normal  proba- 
bility paper  (Appendix  I)  revealed  a departure  from  normalcy 
in  the  residuals.  Thus,  little  confidence  was  placed  in  that 
regression. 

The  results  of  the  above  Ordinary  Least  Squares  Re- 
gression were  compared  with  the  results  from  a Robust  Regres- 
3 

sion.  The  robust  technique  revealed  the  presence  of  an  out- 
lier in  the  data  set.  Investigation  of  the  data  point  reveal- 
ed no  errors  in  measurement,  coding,  or  keypunching,  but  did 
reveal  the  lowest  scoring  group  on  productivity  of  all  36  groups. 
The  point  was  deleted  from  the  sample  and  the  Ordinary  Least 
Squares  .egression  was  recalculated  with  an  N = 35. 

A plot  of  the  residuals  due  to  the  Ordinary  Least 
Squares  Regression  for  N = 35  revealed  a much  closer  approxi- 
mation to  normalcy  in  the  residuals  (Appendix  I).  Thus,  it 
was  decided  to  accept  the  results  based  on  the  N = 35  re- 
gression. 

There  was  a dramatic  change  in  the  regressions  due 
to  the  deletion  of  the  one  point.  The  multiple  correlation 

3 The  Robust  Regression  used  is  currently  under  development 
by  A.  Paulson  and  A.  Schumaker  of  RPI  as  a part  of 
Schumaker's  dissertation. 
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coefficient  increased  from  .442  (for  N = 36}  to  .728  (for 
N = 35) . The  number  of  variables  selected  by  the  regression 
increased  from  one  to  five.  It  appears  that  the  one  outlier 
data  point  was  substantially  distorting  the  results.  Thus, 
little  confidence  was  placed  in  the  N = 36  regression. 

Table  XXVIII  contains  a summary  of  the  Ordinary 
Least  Squares  Regression  for  N = 35. 


TABLE  XXVIII 

STEPWISE  REGRESSION  ANALYSIS  FOR  PRODUCTIVITY  (N  = 35) 


VARIABLE 

‘•ViJA  JLi.  - 

r 

EVAL 

.4796 

NWORKA 

.5554 

COMOUT 

.5949 

GRADE 

.6306 

TSEEXP 

. 6830 

NWU 

.7161 

NWORKA 

.6951 

TNOTCH 

.7387 

COMOUT 

.7283 

COEFFICIENT 


(REMOVED) 

+ 

(REMOVED) 


FINAL 

PARTIAL  F(2) 


11.38 


7.00 

7.95 

15.08 


(1)  The  abbreviations  used  are  defined  in  Table  XXII. 

(2)  Fl,29,.95  = 4*18  and  F1 ,29 , . 99=  7>6° 


L.  — *■ ... 
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The  group  leader's  evaluation  of  the  work  (EVAL)  is 
positively  related  to  group  level  productivity  (partial  F = 
11.38).  This  further  supported  the  associated  hypothesis  of 
a positive  linear  relationship  between  evaluation  and  produc- 
tivity. 

Federal  Civil  Service/Military  Grade  Level  (GRADE) 
has  a positive  relationship  with  productivity  (partial  F = 

7.00).  This  is  analogous  to  the  finding  at  the  individual 
level  wherein  grade  is  positively  related  to  productivity. 

The  length  of  scientific/engineering  experience 
(TSEEXP)  was  found  to  be  negatively  related  to  productivity 
(partial  F = 7.95).  This  is  analogous  to  the  finding  at  the 
individual  level  in  which  the  length  of  scientific/engineering 
experience  is  negatively  related  to  productivity,  and  innova- 
tion and  the  bivariate  criteria.  It  must  also  be  noted  that 
this  variable  has  a strong  relationship  with  age  (.931)  and 
as  such  is  probably  a proxy  measure  of  age. 

The  number  of  work  units  is  negatively  related  to 
productivity  (partial  F = 15.08).  This  negative  relation- 
ship may  imply  that  some  groups  have  so  many  different  pieces 
of  work  (work  units)  that  their  productivity  was  inhibited. 

The  per  cent  of  time  in  nontechnical  activities 
(TNOTCH)  is  positively  related  to  productivity (partial  F = 5.12). 
At  first  glance,  this  may  appear  to  be  puzzling.  However,  time 
in  nontechnical  activities  was  defined  in  the  questionnaire 
(Appendix  C)  to  include  contract  monitoring  time.  It  seems 
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reasonable  that  the  more  time  one  spent  in  contract  monitoring, 
the  more  in-house  reports  verifying  the  contractor's  work  and 
the  more  requests  for  proposals  he  would  produce.  This  may 
explain  the  positive  relationship. 

For  the  sake  of  further  comparison,  the  Robust  Re- 
gression was  also  calculated  with  an  N = 35.  That  analysis 
revealed  the  existence  of  four  more  possible  outliers.  No 
errors  in  measurement,  coding,  or  keypunching  for  the  four 
groups  were  discovered.  Three  of  the  points  were  noteworthy 
since  they  were  among  the  lowest  scoring  groups.  The  four 
points  were  temporarily  withdrawn  from  the  sample  and  the 
Ordinary  Least  Squares  Regression  was  performed  with  an  N of  31. 

Examination  of  the  residuals  (Appendix  I)  due  to  the 
regression  based  on  N = 31  revealed  an  even  closer  approxima- 
tion to  normalcy  than  in  the  N = 35  regression.  The  multiple 
correlation  coefficient  increased  to  .841.  Five  variables  were 
identified  with  significant  relationships  with  productivity. 

Three  of  the  five  variables  are  essentially  the  same 
as  in  the  N = 35  regression.  The  number  of  work  units  and  the 
percent  of  time  in  nontechnical  activities  have  the  same  rela- 
tionships with  productivity  as  exemplified  by  the  N = 35  re- 
gression (negative  and  positive,  respectively).  The  age  vari- 
able (AGE 4 ) replaced  the  length  of  scientific/engineering  ex- 
perience as  being  negatively  related  to  productivity.  It  was 
noted  previously  that  the  length  of  scientific/engineering  ex- 
perience is  a proxy  measure  of  age. 
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The  group  leader's  evaluation  of  the  work  and  grade 
were  not  selected  by  the  N = 31  regression.  Instead,  the  re- 
wards for  innovation  and  the  percent  of  the  group  that  is  sci- 
entists were  selected.  The  rewards  for  innovation  variable  was 
found  to  be  positively  related  to  productivity  (partial  F = 
7.33).  This  is  in  accordance  with  several  earlier  findings  in 
which  this  rewards  variable  is  consistently  positively  asso- 
ciated with  performance.  The  percent  of  the  group  that  is  sci- 
entists was  found  to  be  negatively  related  to  productivity 
(partial  F = 4.89).  No  reason  for  this  finding  is  obvious. 

5. 2. 2. 3 Canonical  analysis . At  most,  17  predictor 
variables  can  be  included  in  the  canonical  analysis  given  a 
sample  size  of  35  (section  4. 3. 3. 3).  A list  of  17  predictor 
variables  was  used  in  the  multivariate  analysis.  The  list 
results  from  the  inclusion  of  those  predictor  variables  that 
are  significantly  related  to  either  innovation  or  productivity 
in  the  group  level  analyses.  The  list  is  in  Table  XXX. 

A high  relationship  between  innovation  and  produc- 
tivity ( r = .680)  is  noted.  The  strength  of  the  relationship 
reinforces  the  advisability  of  a multivariate  analysis. 

A summary  of  the  two  canonical  roots  appears  in 
Table  XXIX. 

The  second  canonical  root  is  not  discussed  further 
since  it  is  not  significant. 

The  redundancy  of  the  criterion  set  for  the  first 
root  is  .6855.  Thus,  more  than  two-thirds  of  the  variance 
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TABLE  XXIX 


CANONICAL  ROOTS 

(N  = 35) 

ROOTS 

CHI  SQUARE 

d.f. (2) 

P 

.8191 

42.75 

18 

.001 

.5335 

19.06 

16 

.267 

(1)  The  roots  = R2 , i.e.  the  amount  of  shared  variance 
between  the  two  canonical  variate  sets. 

(2)  D.f.  means  degrees  of  freedom. 

of  the  criterion  variables  is  shared  by  the  predictor  canon- 
ical variates. 

Table  XXX  contains  the  canonical  loadings  for  the 
one  significant  canonical  root. 

Substantial  relationships  are  evidenced  by  canonical 
loadings  greater  than  or  equal  to  .300  (section  4. 3. 3. 3). 

Those  loadings  are  underlined. 

The  dimension  on  the  criterion  side  might  be  charac- 
terized as  high  performance  since  both  criteria  load  heavily 
on  it. 

Titling  the  dimension  on  the  predictor  side  is  some- 
what elusive  due  to  the  different  kinds  of  variables  with 
substantial  loadings.  However,  there  is  a group  of  five  vari- 
ables dealing  with  the  group  leader  that  have  substantial  re- 
lationships with  performance. 
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TABLE  XXX 

CANONICAL  LOADINGS  (N  = 35 


VARIABLE ( 1 } 

LOADING 

PRODUCTIVITY 

.9421 

INNOVATION 

.8867 

GRADE 

-.0696 

TINGRP 

-.2571 

TSEEXP 

-.2403 

NWORKA 

-.4171 

TNOTCH 

.1075 

COMWIG 

.2900 

COMWGL 

-.0679 

AGE  4 

-.2845 

GLPCMP 

.3527 

PARTG 

.3917 

EMPTHY 

.3234 

RWDSQ 

.1545 

RWDSI 

.3718 

EVAL 

.4716 

MISSTB 

-.0574 

NWU 

-.3675 

LABI 

-.1882 

(1)  Table  XXII  contains  the  variable  abbreviations 
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The  rewards  for  innovation  (RWDSI)  variable  has  a 
positive  relationship  with  the  joint  criteria.  This  variable 
is  the  most  consistently  related  to  performance  of  all  the  pre- 
dictor variables.  Its  positive  relationship  with  performance 
is  evidenced  in  both  the  individual  and  group  level  analyses. 

Four  other  group  leader  variables  have  positive  re- 
lationships with  die  joint  criteria.  The  group  leader's  eval- 
uation of  the  work  (EVAL) , participation  on  goal  setting  (PARTG) , 
the  group  leader's  empathy  (EMPTHY) , and  the  group  leader's 
professional  competence  (GLPCMP)  are  all  positively  related 
to  the  bivariate  criteria.  Their  relationships  with  the  joint 
criteria  seem  to  be  due  to  the  strength  of  their  positive  re- 
lationships with  productivity.  All  four  are  positively  re- 
lated to  productivity  and  none  of  the  four  are  related  to  in- 


novation. 


Two  other  variables  are  negatively  related  to  the 


bivariate  criteria.  Number  of  work  areas  (NWORKA)  and  the 
number  of  work  units  (NWU)  are  both  negatively  related  to 
the  criterion  set.  These  two  variables  may  both  be  indicative 
of  the  groups  working  in  so  many  areas  or  being  involved  in  so 
many  different  pieces  of  work  that  they  are  not  able  to  develop 
their  expertise  and  perform  properly. 

5. 2. 2. 4 Summary  of  group  level  relationships. 
Analysis  of  the  relationships  between  the  predictor  variables 
and  the  joint  criteria  provides  a summary  of  all  the  preceding 
relationships.  The  associations  between  the  predictors  and 
the  criteria  are  systematically  summarized  in  Table  XXXI. 


4 

The  table  contains,  for  all  35  predictor  variables  , the  sig- 
nificant zero  order  correlations  with  both  criterion  vari- 
ables, the  significant  F values  from  the  regression  analyses 
with  innovation  and  productivity,  and  the  substantial  canoni- 
cal loadings  with  the  bivariate  criteria. 

One  variable  referenced  in  Table  XXXI  is  consis- 
tently related  to  performance.  By  consistent  is  meant,  the 
variable  is  related  to  innovation  and  productivity  separately, 
and  related  to  them  jointly.  This  variable,  namely,  rewards 
for  innovation  (RWDSI)  has  a consistently  positive  relation- 
ship with  performance. 

The  age-education  demographic  cluster  of  variables 
is  not  as  strongly  related  to  performance  at  the  group  level 
as  at  the  individual  level.  Apparently,  the  process  of  form- 
ing group  averages  has  deleted  much  of  the  range  associated 
with  these  variables,  and  has  masked  their  relationships  with 
performance . 

Participation  on  goal  setting  and  the  group  leader's 
empathy  deserve  special  attention.  They  are  the  only  variables 
in  this  research  that  are  so  strongly  related  to  one  criterion 
at  both  the  individual  and  group  level  of  analyses,  and  not 
related  to  the  other  criterion  at  either  level,  that  they  are 
also  related  to  the  joint  criteria  at  both  levels.  Participa- 
tion on  goal  setting  and  empathy  have  positive  relationships 

4 The  laboratory  variable,  coded  LABI  and  LAB 2 , is  viewed 
as  one  variable. 


with  the  joint  criteria  in  both  the  individual  and  group  level 
of  analyses.  However,  their  relationships  seem  to  be  pri- 
marily due  to  the  strength  of  their  relationships  with  pro- 
ductivity. They  are  significantly  positively  related  to  pro- 
ductivity in  both  levels  of  analyses.  This  participation 
variable  and  empathy  are  not  related  to  innovation  at  either 
level.  An  empathy  x participation  on  goal  setting  interaction 
term  is  also  positively  related  to  the  joint  criteria  and  to 
productivity  at  the  individual  level.  This  may  be  indicative 
of  a "genuine"  type  of  participation.  The  positive  relation- 
ship of  participation  with  performance  is  supported  by  signi- 
ficant/substantial relationships  found  in  other  studies  by 
Harrison  (1974),  Andrews  and  Farris  (1967),  and  Pelz  and 
Andrews  (1966). 


PART  6 


DISCUSSION  AND  CONCLUSIONS 

6.1  The  Measurement  of  Innovation 
and  Productivity 

It  was  found  that  the  peer  ratings  were  of  a reli- 
able nature.  Therefore,  it  is  concluded  that  a substantial 
degree  of  agreement  existed  between  the  raters  in  using  the 
definitions  and  measures  of  the  criterion  variables  proposed 
in  this  research.  Innovation  was  defined  as  output  that  is 
original  and  useful,  and  productivity  was  defined  as  quantity 
of  output. 

Face  validity  of  the  criterion  measures  was  implied 
by  the  normally  shaped  distributions  of  the  innovation  and 
productivity  scores.  Productivity  was  defined  as  quantity  of 
output  and  innovation  was  viewed  as  a particular  kind  or  sub- 
set of  output.  Therefore,  the  finding  that  the  productivity 
scores  are  significantly  greater  than  the  innovation  scores 
also  implied  face  validity  of  the  criterion  measures. 

A significant  positive  relationship  between  the  pro- 
ductivity ratings  and  number  of  Air  Force  Technical  Reports 
and  Technical  Memorandums  was  noted  in  a validation  effort. 

A strong  positive  relationship  between  the  innova- 
tion and  productivity  scores  was  noted.  This  observed  rela- 
tionship agrees  with  three  other  studies  cited  in  the  litera- 
ture that  also  found  strong  positive  relationships  between 


the  two  criteria. 
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Thus,  the  definitions  and  peer  ratings  of  innovation 
and  productivity  used  herein  are  reliable,  possess  face  valid- 
ity, and  are  highly  correlated  with  each  other  as  other  studies 
have  found.  Therefore,  the  definitions  and  the  measures  have 
utility  in  measuring  the  innovation  and  productivity  of  sci- 
entists/engineers in  an  R&D  setting. 

6.2  Implications  of  Tested  Hypotheses 

The  temptation  arose  to  retitle  this  dissertation 
"Innovation  and  Productivity:  Skinner  Revisited".  The  pre- 
dictor variable  most  consistently  showing  a significant/sub- 
stantial relationship  with  performance  is  rewards  for  innova- 
tion. It  is  positively  related  to  innovation,  and  to  produc- 
tivity, and  to  the  joint  criteria,  at  both  the  individual  and 
group  levels . In  other  words , the  individual ' s perception  of 
this  variable  is  positively  related  to  individual  performance, 
and  the  group's  mean  perception  of  this  variable  is  positively 
related  to  group  performance.  No  other  predictor  variable  is 
so  consistently  related  to  performance  in  this  study. 

It  is  important  to  note  that  the  rewards  for  innova- 
tion variable  is  positively  related  to  both  innovation  and  pro- 
ductivity. The  reason  why  it  is  related  to  both  innovation 
and  productivity  might  be  understood  by  noting  the  definitions. 
Productivity  is  defined  as  quantity  of  output,  whereas  inno- 
vation is  defined  as  a particular  kind  or  subset  of  output. 

Some  productivity  is  a necessary,  although  not  sufficient 
condition  for  innovation.  The  implication  is  that  if  a lab 
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wants  innovation  (and  productivity) , then  it  should  reward 
innovation.  As  Skinner  (1971)  remarked:  "Behavior  is  shaped 
and  maintained  by  its  consequences . " (p.16) 

It  is  also  noted  that  in  the  Civil  Service-Military 
Systems,  the  amount  of  rewards  that  can  be  made  contingent 
upon  performance  is  limited.  The  pay  scales  are  set  by  Con- 
gress and  promotions  are  heavily  dependent  on  seniority.  The 
type  of  rewards  that  can  be  dispensed  by  the  organization/ 
group  leader  are  rewards  like  recognition  for  innovation,  choice 
of  projects,  funded  travel  to  professional  society  meetings, 
good  performance  reports,  etc.  One  is  led  to  two  different 
possible  conclusions.  Either  the  rewards  variable  is  so 
potent  a predictor  of  performance  that  if  rewards  like  pay 
and  promotion  were  contingent  upon  performance  then  the  ef- 
fect upon  performance  would  be  even  more  marked,  or  pay  and 
promotion  are  not  important  in  shaping  innovation  and  produc- 
tivity. Unfortunately,  the  answers  are  unknown  because  the 
questionnaire  recorded  the  extent  to  which  the  group  leader 
rewarded  innovative  output,  without  classifying  the  types 
of  rewards. 

Communication  with  other  professionals  within  the 
group  on  technical  matters  is  consistently  related  to  per- 
formance. It  is  positively  related  to  innovation,  productiv- 
ity and  the  bivariate  criteria  at  the  individual  level,  as 
well  as  to  innovation  at  the  group  level.  This  finding  appears 
to  lend  credence  to  the  concept  of  stimulation  due  to  contact 
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with  peers.  It  is  also  consistent  with  the  findings  of 
several  other  studies.  The  implication  of  encouraging  col- 
league contact  is  obvious. 

Participation  on  goal  setting  and  the  group  leader's 
empathy  are  both  positively  related  to  productivity  and  to 
the  joint  criteria  at  both  the  individual  and  group  level. 
Neither  variable  is  related  to  innovation.  As  such,  they  are 
the  only  variables  in  this  study  that  are  so  strongly  related 
with  one  criterion,  and  not  with  the  other,  that  the  strength 
of  their  one  criterion  relationship  carries  over  to  the  joint 
criteria,  at  both  the  individual  and  group  levels.  It  is 
noted  that  participation  on  goal  setting  interacting  with 
empathy  is  significantly  related  to  productivity  and  the 
joint  criteria  at  the  individual  level.  If  the  interaction 
is  viewed  as  a measure  of  real  or  genuine  participation,  the 
importance  of  genuine  participation,  not"going  through  the 
motions"  variety  is  underscored. 

The  age-education  cluster  of  variables  is  one  group 
of  variables  consistently  related  to  performance  at  the  indi- 
vidual level.  This  group  of  variables  consists  of  the  age  x 
education  interaction  variable,  age,  age (in  four  categories), 
the  two  pseudo  age  variables  (length  of  scientific/ engineering 
experience  and  length  of  Federal  Government  Employment  as  a 
scientist/engineer)  and  education.  All  are  negatively  re- 
lated (given  the  reverse  coding  of  education)  to  innovation, 
and  to  productivity,  and  to  the  joint  criteria.  In  fact,  the 
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age  x education  interaction  variable  has  the  strongest  re- 
lationship of  all  the  predictor  variables  with  innovation, 
and  with  the  bivariate  criteria  for  the  individual  level  anal- 
ysis. The  variable  says  that  low  relative  education  coupled 
with  high  age  has  a strong  negative  association  with  innovation. 
All  the  other  above  age  variables  and  education  are  associated 
with  low  performance,  but  the  combination  of  age  and  education 
in  the  interaction  term  is  the  most  important.  The  interaction 
may  be  indicative  of  an  obsolescent  type  of  person  whose  lack 
of  graduate  work  as  he  gets  older  is  indicative  of  his  lack 
of  effort  to  keep  abreast  of  new  developments  in  a field 
that  is  very  knowledge  oriented.  If  innovation  and  productivity 
are  desired  outputs,  the  implication  is  that  older,  less  edu- 
cated scientists/engineers  belong  in  different  jobs. 

Some  results  are  noticeable  by  their  absence  of 
significant  relationships.  One  variable,  however,  stands 
out  because  it  is  so  widely  touted  in  the  cookbook  "how  to 
create  a climate  for  creativity"  R&D  Management  Literature. 

No  evidence  was  found , in  any  of  the  analyses , that  freedom 
or  autonomy  is  related  to  either  innovation  or  productivity. 

Since  both  individual  perceptions  of  some  organi- 
zational variables,  and  average  group  perceptions  of  some 
organizational  variables  are  significantly  related  to  per- 
formance, no  further  conclusions  are  offered  regarding  the 
relative  advantages  of  the  measures. 
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6.3  Shortcomings  of  Current  Research 

As  mentioned  in  the  discussion  of  rewards  for  inno- 
vation, this  research  was  performed  in  an  environment  where 
the  amount  of  rewards  that  can  be  made  contingent  upon  per- 
formance is  limited.  The  Civil  Service  System  also  has  other 
properties  not  possessed  by  industry  or  academia.  Thus,  an 
obvious  shortcoming  is  that  there  were  no  scientists/engineers 
from  industrial  R&D  laboratories  or  university  research  labora- 
tories in  the  sample. 

The  productivity  validation  was  performed  by  com- 
paring the  number  of  Air  Force  Technical  Reports/Memorandums 
with  the  productivity  scores.  Even  though  the  validation 
coefficient  is  significant,  it  appears  from  the  magnitude  of 
the  correlation  that  more  kinds  of  output,  as  included  in 
the  definition  of  productivity,  should  have  been  included  in 
the  productivity  validation. 

The  reliability  of  the  criterion  scores  is  propor- 
tional to  the  number  of  raters.  A number  of  the  criterion 
scores  were  based  on  two  raters.  Even  higher  reliability 
figures  could  have  been  obtained  if  more  raters  had  been 
used  for  the  ratings. 

The  small  number  of  groups  in  the  group  level 
analysis  (35)  restricted  the  number  of  variables  that  could 
be  tested  in  the  group  level  canonical  relationship.  More 
predictor  variables  could  have  been  tested  at  the  group 
level  with  more  groups. 


Communication  with  the  group  leader  on  technical 
matters  is  curiously  negatively  related  to  innovation  in 
both  the  individual  and  group  level  regression  analyses. 

Since  the  content  of  the  communications  was  not  recorded,  the 
reason  for  this  finding  is  not  apparent. 

Not  all  of  the  data  received  were  used  because  an 
individual's  data  were  useless  if  he  was  not  rated  by  at 
least  two  peers. 

6.4  Recommendations  for  Future  Research 

The  recommendations  follow  directly  from  the  short- 
comings and  some  problems  encountered  with  the  response  rate. 

This  research  is  begging  to  be  replicated  in  indus- 
trial and  university  R&D  laboratories . Such  a replication 
would  provide  additional  information  on  the  nature  of  the 
rewards  for  innovation  relationship  with  innovation  and  pro- 
ductivity. 

Future  studies  should  classify  the  types  of  rewards 
and  check  the  relationships  of  the  various  types  of  rewards 
with  performance.  The  consistent  importance  of  rewards  being 
contingent  upon  innovation  mandates  further  research  in  this 
area. 

Future  productivity  validation  efforts  should  in- 
clude all  or  most  of  the  items  included  under  output  in  the 
definition  of  productivity. 

Studies  using  the  peer  rating  should  use  four  or 
five  peers  as  opposed  to  two  or  three  in  order  to  achieve 
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even  higher  reliability  figures. 

More  groups  should  be  included  in  the  group  level 
analysis.  This  will  permit  examination  of  more  predictor 
variables  in  the  group  level  canonical  analysis. 

Many  of  the  studies  that  researched  the  association 
of  organizational  variables  and  innovation  either  covaried  out 
age  and/or  education  as  if  they  were  extraneous  noise  variables 
before  beginning  the  primary  analysis  or  did  not  even  examine 
them.  In  this  research  ,age  and/or  education  are  among  the 
most  important  predictor  variables  at  the  individual  level. 
Whereas,  the  organization  has  some  control  over  these  two 
variables  by  selection  and  assignment  policies,  they  are  of  in- 
terest. This  comment  is  particularly  relevant  in  laboratories 
where  there  is  variance  on  the  education  variable.  These  vari- 
ables should  be  included  in  future  research  efforts  and  their 
relationship  with  innovation  further  explored. 

The  difficulties  associated  with  the  response  rate 
strongly  indicate  that  special  care  needs  to  be  exercised 
when  using  peer  ratings.  Several  non-respcndees  indicated 
that  they  would  not  complete  the  peer  ratings  without  con- 
crete assurances  from  laboratory  management  that  the  confi- 
dentiality of  the  ratings  was  guaranteed.  Other  studies 
utilizing  peer  ratings  should  obtain  such  assurances.  This 
should  increase  the  response  rate  and  result  in  more  econom- 
ical use  of  the  data. 
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A future  study  should  investigate  the  relationship 
of  communication  with  the  group  leader  on  technical  matters 
with  innovation.  Particular  attention  should  be  devoted  to 
the  content  of  the  communications  to  aid  in  explaining  the 
relationship. 


189 


BIBLIOGRAPHY 


■* 


■f 


i '!• 


f • 

i'i 
l ■ 


V 


AF  Regulation  178-8.  Implementation  of  the  Federal  Reports 
Act.  Washington,  D.C.  : Headquarters  US  Air  Force, 

Aug,  1973. 

Air  Force  Systems  Command.  The  State  of  the  Laboratories . 
Washington,  D.C.  : Headquarters  AFSC,  April,  1974. 

Alpert,  M.I.  and  R.A.  Peterson.  On  the  Interpretation  of 

Canonical  Analysis.  Journal  of  Marketing  Research,  1972, 

9,  No. 2,  187-92. 

Anderson,  L.R.  and  F.E.  Fiedler.  The  Effect  of  Participatory 
and  Supervisory  Leadership  on  Group  Creativity.  Journal 
of  Applied  Psychology,  1964,  48,  No. 4,  227-36. 

Andrews,  Frank  M.  and  George  F.  Farris.  Supervisory  Practices 
and  Innovation  in  Scientific  Teams.  Personnel  Psychology, 
1967,  20,  No. 4,  497-515. 

Andrews,  Frank  M.  and  George  F.  Farris.  Time  Pressure  and 

Performance  of  Scientists  and  Engineers : A 5-Year  Panel 
Study.  Organizational  Behavior  and  Human  Performance, 

1972,  8,  No. 2,  185-200. 

Andrews,  Frank  and  G.  Gordon.  Social  and  Organizational  Factors 
Affecting  Innovation  in  Research.  Paper  presented  at  the 
APA  Convention,  Miami  Beach,  1970. 

Aram,  J.D.,  Morgan,  C.P.  and  E.S.  Esbeck.  Relation  of  Collab- 
orative Interpersonal  Relationships  to  Individual  Satis- 
faction and  Organizational  Performance.  Administrative 
Science  Quarterly,  1971,  16^,  No. 3,  289-96. 


j 


Bartlett,  M.S.  The  Statistical  Significance  of  Canonical 
Correlation.  Biometrika , 1941,  32.#  29-37. 

Blake,  R.R.  and  J.S.  Mouton.  The  Managerial  Grid.  Houston, 
Texas  : Gulf  Publishing  Co.,  1964. 

Bowers,  David  G.  O.D.  Techniques  and  Their  Results  in  23 
Organizations  : The  Michigan  ICL  Study.  Journal  of 
Applied  Behavioral  Science,  1973,  £,  No.l,  21-43. 

Brogden,  Hubert  E.  and  Thomas  B.  Sprecher.  Criteria  of  Creativ- 
ity. In  Taylor,  C.W.  (Ed.),  Creativity:  Progress  and 
Potential,  New  York  : McGraw-Hill,  1964,  155-176. 

Brown,  Frederick  G.  Principles  of  Educational  and  Psychological 
Testing.  Hinsdale,  111.  : The  Dryden  Press  Inc.,  1970. 

Buel,  W.D.  The  Validity  of  Behavioral  Rating  Scale  Items  for 
the  Assessment  of  Individual  Creativity.  Journal  of 
Applied  Psychology,  1960,  4£,  No. 6,  407-12. 

Burns,  T.  and  G.  Stalker.  The  Management  of  Innovation. 

London  : Tavistock  Publications  Limited,  1961. 

Campbell,  J.P.,  Dunnette,M.,  Lawler,  E.E.,  III  and  K.E.  Weick, 
jr . Managerial  Behavior,  Performance,  and  Effectiveness. 
New  York  : McGraw-Hill,  1970. 

Cline,  V.B.,  Tucker,  M.F . and  D.R.  Anderson.  Psychology  of 

the  Scientist  : Cross-Validation  of  Biographical  Informa- 
tion Predictor  Keys  Across  Diverse  Samples  of  Scientists. 
Psychological  Reports,  1966,  19^,  951-54. 

Connor,  Patrick  E.  Scientific  Research  Competence  as  a 
Function  of  Creative  Ability . IEEE  Transactions  on 


191 


Engineering  Management,  1974,  EM-21 , No.l,  2-8. 

Connor,  Patrick  E.  and  William  G.  Scott.  Reward  Protocols  in 
Technical  Organizations  : Interpersonal  Versus  Technical 
Competence.  Human  Organization,  1974,  33,  No. 4,  367-74. 

Cooley,  W.W.  and  P.R.  Lohnes . Multivariate  Data  Analysis  . 

New  York  : John  Wiley  and  Sons,  Inc.,  1971. 

Cox,  E.P.,  Anderson,  W.T.  and  D.G.  Fulcher.  Reappraising 

Mail  Survey  Response  Rates.  Journal  of  Marketing  Research, 
1974,  XI,  No. 4,  413-17. 

Davis,  J.  Rules,  Hierarchy  and  Organizational  Climate.  Per- 
sonnel Administration,  1968,  ^1/  50-55. 

Dellas,  Marie  and  Eugene  L.  Gaier.  Identification  of  Creativity. 
Psychological  Bulletin,  1970,  73^,  No.l,  55-73. 

Dewhirst,  D.  Impact  of  Organizational  Climate  on  the  Desire 
to  Manage  Among  Engineers  and  Scientists.  Personnel 
Journal , 1971,  50,  196-203. 

Dieterly,  D.  and  B.  Schneider.  The  Effect  of  Organizational 
Environment  on  Perceived  Power  and  Climate:  A Laboratory 
Study.  Organizational  Behavior  and  Human  Performance, 

1974,  11,  No. 3,  316-37. 

Dixon,  W.J.  (Ed.).  BMP  - Biomedical  Computer  Programs. 

Berkeley  : University  of  Ca.  Press,  1973. 

Doll,  R.E.  and  A. A.  Longo.  Improving  the  Predictive  Effec- 
tiveness of  Peer  Ratings.  Personnel  Psychology,  1962, 

15,  No. 2,  215-20. 


Downey,  H.K.,  Hellriegel , D.,  Phelps,  M.  and  J.W.  Slocum,  Jr. 

Organizational  Climate  and  Job  Satisfaction  : A Comparative 
Analysis.  Journal  of  Business  Research,  1974,  2_,  233-48. 
Downey,  H. , Hellriegel,  D.  and  J.  Slocum.  Congruence  Between 

Individual  Needs,  Organizational  Climate,  Job  Satisfaction, 
and  Performance.  Academy  of  Management  Journal,  1975,  18 , 
No. 1 , 149-55. 

Draper,  N.R.  and  H.  Smith.  Applied  Regression  Analysis.  New 
York  : John  Wiley  and  Sons,  Inc.,  1966. 

Ebel,  Robert  L.  Estimation  of  the  Reliability  of  Ratings. 

Psychometrika , 1951,  1£,  No. 4,  407-23. 

Edge,  Al.  Motivation  and  Organizational  Climate  in  the 

Japanese  Work  Group.  Paper  presented  at  the  Academy  of 
Management  Convention,  Seattle,  August,  1974. 

Ellison,  R.L.,  McDonald,  B.W. , James,  L.R. , Fox,  D.G.  and  C.W. 
Taylor.  An  Investigation  of  Organizational  Climate. 
Greensboro,  N.C.  : The  Creativity  Research  Institute  of 
the  Richardson  Foundation,  Inc.,  1968. 

Ellison,  R.L. , McDonald,  B.W. , James,  L.R.  and  C.W.  Taylor. 
Relationships  of  Organizational  Characteristics  to 
Measures  of  Scientific  Performance.  Proceedings  77th 
Annual  APA  Convention,  1969,  603-4. 

Erickson,  Clara,  Gantz,  B.  and  R.  Stephenson.  Logical  and 

Construct  Validation  of  a Short-Form  Biographical  Inven- 
tory Predictor  of  Scientific  Creativity.  Paper  presented 
at  the  78th.  Annual  Meeting  of  the  APA,  1970. 


Evan,  William  M.  A Systems  Model  of  Organizational  Climate. 

In  Taguiri,  R.  and  G.  Litwin  (Eds.),  Organizational  Cli- 
mate: Explorations  of  a Concept,  Boston  : Harvard  Uni- 
versity Graduate  School  of  Business  Administration, 

1968,  106-24. 

Evan,  William  M.  Conflict  and  Performance  in  R&D  Organizations 
Industrial  Management  Review,  1965,  7,  No.l,  37-46. 

Evans,  G.R.  and  P.R.  Stromer.  Creativity,  Innovation  and 

Invention  : An  Annotated  Bibliography.  Sunnyvale,  Ca.j 
Lockheed  Missiles  and  Space  Co.,  August  1964,  (AD-445144). 

Farris,  G.F.  Organizational  Factors  and  Individual  Performance 
A Longitudinal  Study.  Journal  of  Applied  Psychology,  1969 
53,  No. 2,  87-92. 

Fiedler,  Fred  E.  and  Nancy  M.  Barron.  The  Effect  of  Leader- 
ship Style  and  Leader  Behavior  on  Group  Creativity  under 
Stress . Urbana,  Illinois  : Technical  Report  Number  25, 
Group  Effectiveness  Research  Laboratory,  Department  of 
Psychology,  University  of  Illinois,  December,  1967, 

(AD-  827945) . 

Flango,  V.E.  and  R.B.  Brumbaugh.  The  Dimensionality  of  the 
Cosmopolitan  - Local  Construct.  Administrative  Science 
Quarterly,  1974,  19,  No. 2,  198-210. 

Forehand,  G.  and  B.  Gilmer.  Environmental  Variation  in 
Studies  of  Organizational  Behavior.  Psychological 
Bulletin,  1964,  62,  No. 6,  361-82. 


Amsterdam,  1969,  641-46. 


Friedlander,  F.,  and  S.  Greenberg.  Effect  of  Job  Attitudes, 
Training  and  Organizational  Climates  on  Performance  of 
the  Hard-Core  Unemployed.  Journal  of  Applied  Psychology, 
1971,  55,  No. 4,  287-  95. 

Friedlander,  F.  and  N.  Margulies.  Multiple  Impacts  of  Organ- 
izational Climate  and  Individual  Value  Systems  upon  Job 
Satisfaction.  Personnel  Psychology,  1969  , 2_2,  171-83. 

Gantz,  B.S.,  Stephenson,  R.W.  and  C.O.  Erickson.  Ideal  R&D 
Climates  as  Seen  by  More  Creative  and  By  Less  Creative 
Research  Scientists.  Proceedings,  77th  Annual  APA 
Convention,  1969,  605-6. 

Gibb,  J.R.  The  Effects  of  Group  Size  and  of  Threat  Reduction 
Upon  Creativity  in  a Problem-Solving  Situation.  American 
Psychologist,  1951,  5,  No. 8,  324. 

Goldberg,  Louis.  A Selected  Annotated  Bibliography  of  Empir- 
ical Investigations  of  Research  Personnel.  IEEE  Trans- 
actions on  Engineering  Management , 1963,  EM-10 , No . 1 , 


R.  Small  Groups  and  Large  Organizations.  In 


March,  J.C.(Ed.),  Handbook  of  Organizations,  Chicago 


Rand  McNally,  1965 


1970,  15,  No. 3,  330-40 


Academy  of  Management  Journal,  1971,  14,  465-81 


Gordon,  Gerald.  Organizational  Setting  and  Scientific  Accom- 


plishment. Paper  presented  at  the  American  Sociological 
Association  Annual  Meeting,  Miami,  September,  1966. 


complishment:  A Potential  Solution.  IEEE  Transactions  on 


Engineering  Management,  1963,  EM-10,  No. 4,  192-96 


Gordon,  G.  and  S.  Marquis.  Freedom,  Visibility  of  Consequences 


and  Scientific  Innovation.  American  Journal  of  Sociolo' 


1966,  72,  No. 2,  195-202 


Complexity  of  Organizational  Climate  in  a Government 


R.  and  G.  Li twin 


Harvard  University  Graduate  School  of  Business  Adminis 


tration,  1968,  191-221 


196 


Guilford,  J.P.  Psychometric  Methods.  New  York  : McGraw-Hill, 
1954. 

Guion,  R.M.  A Note  on  Organizational  Climate.  Organizational 
Behavior  and  Human  Performance,  1973,  9,  No.l,  120-5. 

Hall,  D.T.  and  E.E.  Lawler.  Job  Characteristics  and  Pressures 
and  the  Organizational  Integration  of  Professionals. 
Administrative  Science  Quarterly,  1970,  lj>.  No. 3,  271-81. 
Hall,  D.T.  and  E.E.  Lawler.  Unused  Potential  in  Research  and 

Development  Organizations.  Research  Management,  1969,  12 , 
No. 5,  339-54. 

Hall,  John  W.  A Comparison  of  Halpin  and  Croft's  Organizational 
Climates  and  Likert  and  Likert's  Organizational  Systems. 
Administrative  Science  Quarterly,  1972,  17^,  No. 4,  586-90. 
Halpin,  Andrew  W.  Theory  and  Research  in  Administration. 

New  York  : Macmillan,  1966. 

Halpin,  A.  and  D.  Croft.  The  Organizational  Climate  of  Schools. 
Chicago  : Midwest  Administration  Center,  University  of 
Chicago,  1962. 

Harmon,  Lindsey  R.  The  Development  of  a Criterion  of  Scientific 
Competence.  In  Taylor,  C.W.  and  F.  Barron  (Eds.), 
Scientific  Creativity:  Its  Recognition  and  Development. 

New  York  : John  Wiley  and  Sons,  Inc.,  1963,  44-52. 

Harrison,  Frank.  The  Management  of  Scientists:  Determinants 
of  Perceived  Role  Performance.  Academy  of  Management 
Journal , 1974,  17,  No. 2,  234-241. 


J 


* 


197 


Harrold,  R.W.  An  Evaluation  of  Measurable  Characteristics 

Within  Army  Laboratories.  IEEE  Transactions  on  Engineer- 
ing Management,  1969,  EM-16 , No.l,  16-23. 

Hellreigel,  Don  and  John  W.  Slocum,  Jr.  Organizational  Climate: 
Measures,  Research  and  Contingencies.  Academy  of  Manage- 
ment Journal , 1974,  1/7, No. 2,  255-80. 

Hill,  S.C.  A Natural  Experiment  on  the  Influence  of  Leader- 
ship Behavior  Patterns  on  Scientific  Productivity.  IEEE 
Transactions  on  Engineering  Management , 1970,  EM-17 , 

No.l,  10-20. 

Hochstim,  J.R.  and  D . A.  Athanasopoulos . Personal  Follow-Up 

in  a Mail  Survey:  Its  Contribution  and  Its  Cost.  Public 
Opinion  Quarterly,  1970,  34^,  69-81. 

Hoffman,  L.R. , Harburg , E.  and  N.R.  Maier.  Differences  and 
Disagreement  as  Factors  in  Creative  Group  Problem- 
Solving.  Journal  of  Abnormal  and  Social  Psychology, 

1962,  64,  No. 3,  206-14. 

House,  R.J.  and  J.R.  Rizzo.  Toward  the  Measurement  of  Organ- 
izational Practices:  Scale  Development  and  Validation. 
Journal  of  Applied  Psychology,  1972  , 56.,  No. 5,  388-96. 

Howard,  G.W.  Common  Sense  in  R&D  Management.  New  York  : Vantage 
Press,  1955. 

Insel,  Paul  M.  and  Rudolph  H.  Moos.  Psychological  Environ- 
ments: Expanding  the  Scope  of  Human  Ecology.  American 
Psychologist , March,  1974,  179-88. 


198 


James,  Lawrence  R.  and  Allan  P.  Jones.  Organizational  Cli- 
mate: A Review  of  Theory  and  Research.  Psychological 
Bulletin,  1974,  1JB,  No. 12,  1096-1112. 

Johannes son,  R.  Some  Problems  in  the  Measurement  of  Organi- 
zational Climate.  Organizational  Behavior  and  Human 
Performance , 1973,  lj),  118-45. 

Kaczka,  E. , and  R.  Kirk.  Managerial  Climate,  Work  Groups 

and  Organizational  Performance.  Administrative  Science 
Quarterly , 1967,  12^,  No. 2,  253-72. 

Kallick,  M.  Organizational  Determinants  of  Creative  Produc- 
tivity . Unpublished  Doctoral  Dissertation,  Purdue 
University,  1964. 

Kaplan,  Norman.  The  Relation  of  Creativity  to  Sociological 

Variables  in  Research  Organizations.  In  Taylor,  C.W.  and 
F.  Barron  (Eds.),  Scientific  Creativity:  Its  Recognition 
and  Development,  New  York  : John  Wiley  and  Sons,  Inc., 

1963,  195-204. 

Karger,  Delmar  W.  and  Robert  G.  Murdick.  Managing  Engineering 

and  Research.  (2nd  Ed.).  New  York  : Industrial  Press,  1969. 

Kau f man , H . G . Obsolescence  and  Professional  Career  Develop- 
ment. New  York  : AMACOM  (a  Division  of  American  Manage- 
ment Association),  1974. 

Kaufman,  H.G.  Relationship  of  Early  Work  Challenge  to  Job 
Performance,  Professional  Contributions  and  Competence 
of  Engineers.  Journal  of  Applied  Psychology,  1974,  59, 

No. 3,  377-9. 


JV*  ~ 


A 


Illinois  : Department  of  Industrial  Engineering  and  Man- 
agement Sciences,  The  Technological  Institute,  North- 
western University,  November,  1971. 


Lawler,  E.E.,  Hall,  D.T.  and  G.R.  Oldham.  Organizational 

Climate:  Relationship  to  Organizational  Structure,  Pro- 
cess and  Performance.  Organizational  Behavior  and  Human 
Performance , 1974,  11,  139-55. 

Likert,  Rensis.  New  Patterns  of  Management.  New  York  : McGraw- 
Hill,  1961. 

Likert,  Rensis.  The  Human  Organization.  New  York  : McGraw- 
Hill,  1967. 

Litwin,  G.  and  R.  Stringer.  Motivation  and  Organizational 
Climate.  Cambridge,  Mass.  : Harvard  University  Press, 

1968. 

Magnusson,  David.  An  Analysis  of  Situational  Dimensions. 
Perceptual  and  Motor  Skills,  1971,  32_»  851-67. 

Manners,  G.E. , Jr.  Another  Look  at  Group  Size,  Group  Problem 
Solving,  and  Member  Consensus.  Academy  of  Management 
Journal , 1975,  in  press. 


Marrow,  A.,  Bowers,  D. , and  S.  Seashore.  Management  by 
Participation . New  York  : Harper  and  Row,  1967. 

Martino,  J.P.  A Survey  of  Behavioral  Science  Contributions 

to  Laboratory  Management.  IEEE  Transactions  on  Engineer- 
ing Management,  1973,  EM-20,  No. 3,  68-75. 


McCarrey,  to.W.  end  S.A.  Edwards.  Organizational  Climate 

Conditions  for  Effective  Research  Scientist  Role  Per- 
formance. Organizational  Behavior  and  Human  Performance, 
1973,  9,  No. 3,  439-59. 

McClure,  L.  Research  Management,  A Selected  Bibliography. 

Orlando,  Florida  : Martin  Co.,  December,  1964,  (AD-461  223) 
McPherson,  J.H.  A Proposal  for  Establishing  Ultimate  Criteria 
for  Measuring  Creative  Output.  In  Taylor,  C.W.  and  F. 
Barron  (Eds.),  Scientific  Creativity:  Its  Recognition 


and  Development,  New  York  : John  Wiley  and  Sons,  Inc., 
1963,  24-29. 

McPherson,  J.H.  Environment  and  Training  for  Creativity. 

In  Taylor,  C.W.  (Ed.),  Creativity:  Progress  and  Potential 
New  York  : McGraw-Hill,  1964,  129-53. 

Means,  Robert  B.  Personal  and  Environmental  Determiners  of 

Mechanical  Ingenuity.  Unpublished  Doctoral  Dissertation, 
Purdue  University,  1966. 

Meglino,  Bruce  M.  Organizational  Climate  and  Job  Performance: 
An  Integrative  Approach.  Paper  Presented  at  the  34th 
Annual  Meeting  of  the  Academy  of  Management,  Seattle, 
Washington,  August,  1974. 


Meltzer,  L.  and  J.  Salter.  Organizational  Structure  and 
Performance  and  Job  Satisfaction  of  Physiologists. 
American  Sociological  Review,  1962,  27,  51-62. 
Mendenhall,  W.  Introduction  to  Linear  Models  and  the  Design 
and  Analysis  of  Experiments.  Belmont,  Ca.  : Duxbury 
Press,  1968. 

Meyer,  H.H.  Achievement  Motivation  and  Industrial  Climates. 
In  Tagiuri,  R.  and  G.  Litwin  (Eds.),  Organizational 
Climate:  Explorations  of  a Concept,  Boston  : Harvard 
University  Graduate  School  of  Business  Administration, 
1968,  150-66. 

Misshauk,  Michael  J.  Importance  of  Environmental  Factors 
to  Scientist-Engineers.  Personnel  Journal,  1970,  49, 

No. 4,  319-23. 

Nie,  N.H.,  Hull,  C.H.,  Jenkins,  J.G. , Steinbrenner , K. , 
and  D.H.  Bent.  Statistical  Package  for  the  Social 
Sciences  (2d  Ed.).  New  York  : McGraw-Hill,  1975. 
Nunnally,  J.C.  Psychometric  Theory.  New  York  : McGraw-Hill, 

1967. 

O'Brien,  Gordon  and  Daniel  Ilgen.  Effects  of  Organizational 

r 

Structure,  Leadership  Style,  and  Member  Compatibility 
Upon  Small  Group  Creativity.  Proceedings  of  the  APA, 

1968,  3,  555-6. 

Orth,  C.D.  III.  Optimum  Climate  for  Industrial  Research. 

Harvard  Business  Review,  1959,  31_,  No. 2,  55-64. 

Owens,  W.A.  Cognitive,  Noncognitive , and  Environmental 


202 


Correlates  of  Mechanical  Ingenuity.  Journal  of 
Applied  Psychology,  1969,  S3,  No. 3,  199-208. 

Pace,  C.K.  The  Measurement  of  College  Environments.  In 
Tagiuri,  R.  and  G.  Litwin  (Eds.),  Organizational 
Climate:  Explorations  of  a Concept,  Boston  : Harvard 
University  Graduate  School  of  Business  Administration, 
1968,  128-47. 

Patcher,  Martin.  Supervisory  Methods  and  Group  Performance 
Norms.  Administrative  Science  Quarterly,  1962,  7, 

No. 3,  275-94. 

Paulson,  A . S . and  J.C.  Thornton.  A New  Approach  to  Goodness 
of  Fit  and  Outliers.  Unpublished  Manuscript,  School  of 
Management,  Rensselaer  Polytechnic  Institute,  Troy, 

New  York,  1975. 

Payne,  R. , and  D.  Pheysey.  G.G.  Stern’s  Organizational 

Climate  Index:  A Reconceptualization  and  Application 
to  Business  Organizations.  Organizational  Behavior  and 
Human  Performance,  1971,  6,  77-98. 

Pelz,  D.C.  Relationships  Between  Measures  of  Scientific 

Performance  and  Other  Variables.  In  Taylor,  C.W.  and 
F.  Barron  (Eds.),  Scientific  Creativity:  Its  Recognition 
and  Development,  New  York  : John  Wiley  and  Sons,  Inc., 
1963,  302-10. 

Pelz,  D.C.  Some  Social  Factors  Related  to  Performance  in  a 

Research  Organization.  Administrative  Science  Quarterly, 
1956,  1,  310-25. 


203 


Pelz,  D.C.  and  F.  Andrews.  Scientists  in  Organizations: 
Productive  Climates  for  Research  and  Development. 

New  York  : John  Wiley  and  Sons,  Inc.,  1966. 

Pfeffer,  Jeffrey.  Canonical  Analysis  of  the  Relationship 
Between  an  Organization's  Environment  and  Managerial 
Attitudes  Toward  Subordinates  and  Workers.  Human 
Relations , 1972,  26,  No. 3,  325-37. 

Pritchard,  R. , and  B.  Karasick.  The  Effects  of  Organizational 
Climate  on  Managerial  Job  Performance  and  Job  Satisfac- 
tion. Organizational  Behavior  and  Human  Performance, 

1973,  9,  No . 1 , 126-46. 

Quinn,  James  Brian.  Yardsticks  for  Industrial  Research; 

The  Evaluation  of  Research  and  Development  Output. 

New  York  : Ronald  Press,  1959. 

Roussell,  Cecile.  Relationship  of  Sex  of  Department  Head 

to  Department  Climate.  Administrative  Science  Quarterly, 

1974,  19,  No. 2,  211-20. 

Rubin,  I.  Factors  in  the  Performance  of  R&D  Projects.  Pro- 
ceeding 20th  National  Conference  on  Administration  of 
Research , Denver  : University  of  Denver,  Denver  Research 


Institute,  1967,  67-71. 

Schneider,  B.  Conceptualizing  Organizational  Climates.  Uni- 
versity of  Maryland,  (Research  Report  No. 7),  May,  1974. 
Schneider,  B.  Organizational  Climate:  Individual  Preferences 
and  Organizational  Realities.  Journal  of  Applied 
Psychology , 1972,  56,  No. 3,  211-18. 


204 


Schneider,  B.  The  Perception  of  Organizational  Climate: 

The  Customer's  View.  Journal  of  Applied  Psychology, 

1973,  57,  No. 3,  248-56. 

Schneider,  B.  and  C.  Bartlett.  Individual  Differences  and 
Organizational  Climate  I : The  Research  Plan  and 
Questionnaire  Development.  Personnel  Psychology, 

1968,  21,  323-34. 

Schneider,  B.  and  C.  Bartlett.  Individual  Differences  and 

Organizational  Climate  II:  Measurement  of  Organizational 
Climate  by  Multitraitmultirater  Matrix.  Personnel 
Psychology , 1970,  23_,  493-512. 

Schneider,  B.  and  D.  Hall.  Toward  Specifying  the  Concept 
of  Work  Climate:  A Study  of  Roman  Catholic  Diocesan 
Priests.  Journal  of  Applied  Psychology , 1972,  56,  No. 6, 
447-56. 

Seashore,  S.E.  Group  Cohesiveness  in  the  Industrial  Work 
Group.  Ann  Arbor:  University  of  Michigan,  Survey 
Research  Center,  1954. 

Shapiro,  R.J.  The  Criterion  Problem.  In  Vernon,  P.E.  (Ed.), 
Creativity,  Baltimore  : Penguin  Books,  1970,  257-69. 

Shepard,  Herbert  A.  Creativity  in  Research/Development 

Teams.  Research  and  Engineering,  October,  1956,  10-12. 

Skinner,  B.F.  Beyond  Freedom  and  Dignity.  New  York  : Bantam 
Books,  Inc.,  1971. 

Slevin,  D.P.  The  Innovation  Boundary:  A Replication  With 
Increased  Costs.  Administrative  Science  Quarterly, 


205 


; 

i 


/ 


I 

1 


' ) 

i 

4 

sj 

* '*• 

« * 


: 


* X- 


1973,  18,  No . 1 , 71-5. 

Slevin,  D.P.  The  Innovation  Boundary:  A Specific  Model 
and  Some  Empirical  Results.  Administrative  Science 
Quarterly , 1971,  1£,  No. 4,  515-32. 

Smith,  Clagett  G.  Consultation  and  Decision  Processes  in 
a R&D  Laboratory.  Administrative  Science  Quarterly, 

1970,  1_5 , No. 2,  203-15. 

Smith,  Clagett  G.  Scientific  Performance  and  the  Composition 
of  Research  Teams.  Administrative  Science  Quarterly, 

1971,  16,  No. 4,  486-95. 

Snedecor,  G.W.  and  W.G.  Cochran.  Statistical  Methods  (6th 
Ed.).  Ames,  Iowa  : Iowa  State  University  Press,  1967. 
Sorcher,  M. , and  S.  Danzig.  Charting  and  Changing  the 

Organizational  Climate.  Personnel , 1962,  £6,  No. 2,  16-28. 
Stahl,  Michael  J.  An  Exploratory  Study  of  Organizational 

Environments  that  Influence  the  Creativity  of  Scientists 
and  Engineers  in  Air  Force  R&D  Laboratories  Master's 
Thesis,  Air  Force  Institute  of  Technology,  V'right- 
Patterson  Air  Force  Base,  Ohio,  December,  1970. 

Steger,  J.A.  Factors  in  Innovation,  Productivity,  and  Non- 
productivity in  Research:  A Review  and  Pilot  Study. 

Troy,  New  York  : RPI,  Report  to  the  National  Science 
Foundation  (Office  of  National  R&D  Assessment) , Order 
No.  75-SP-0354,  February,  1975. 

Steger,  J.A. , Woodhouse,  R.  and  R.  Goocey.  The  Clinical 
Manager:  Performance  and  Management  Characteristics. 


IHHHH 


A 





Administration  in  Mental  Health,  Fall  1973,  76-81. 


Steiner,  G.A.  (Ed.).  The  Creative  Organization.  Chicago, 
Illinois  : University  of  Chicago  Press,  1965. 

Stewart,  D.K.  and  W.A.  Love.  A General  Canonical  Correlation 
Index.  Psychological  Bulletin,  1968,  70^,  160-63. 

Stoltz,  R.E.  Development  of  a Criterion  of  Research  Pro- 
ductivity. Journal  of  Applied  Psychology,  1958,  42, 

No. 5,  308-10. 

Stone,  Thomas  H.  Effects  of  Mode  of  Organization  and  Feed- 
back Level  on  Creative  Task  Groups.  Journal  of  Applied 
Psychology,  '911,  55,  No. 4,  324-330. 

Tagiuri,  R.  Executive  Climate.  In  Tagiuri,  R.  and  G.  Litwin 

(Eds.),  Organizational  Climate:  Explorations  of  a Concept, 
Boston  : Harvard  University  Graduate  School  of  Business 
Administration,  1968(a),  225-41. 

Tagiuri,  R.  The  Concept  of  Organizational  Climate.  In  Tagiuri, 
R.  and  G.  Litwin  (Eds.),  Organizational  Climate:  Explo- 
rations of  a Concept,  Boston  : Harvard  University  Graduate 
School  of  Business  Administration,  1968(b),  11-32. 

Tagiuri,  R.  and  G.  Litwin  (Eds.).  Organizational  Climate: 
Explorations  of  a Concept.  Boston:  Harvard  University 
Graduate  School  of  Business  Administration,  1968(c). 

Tatham,  R.L.  and  R.J.  Dornoff.  The  Significance  and  Inter- 
pretation of  Canonical  Analysis.  Decision  Sciences, 

1973,  4,  343-49. 


2 


Tatsuoka,  M.M.  Multivariate  Analysis:  Techniques  for 
Educational  and  Psychological  Research.  New  York  : 

John  Wiley  and  Sons,  Inc.,  1971. 

Taylor,  C.W.  (Ed.).  Climate  for  Creativity:  Report  of  the 
Seventh  National  Research  Conference  on  Creativity. 

New  York  : Pergamon,  1972. 

Taylor,  C.W.  (Ed.).  Creativity:  Progress  and  Potential. 

New  York  : McGraw-Hill,  1964. 

Taylor,  C.W.  and  F.  Barron  (Eds.).  Scientific  Creativity:  Its 
Recognition  and  Development.  New  York  : John  Wiley  and 
Sons , Inc . , 1963 . 

Taylor,  C.W.  and  John  Holland.  Predictors  of  Creative 

Performance.  In  Taylor,  C.W. (Ed.),  Creativity:  Pro- 
gress and  Potential,  New  York  : McGraw-Hill,  1964,  15-48. 

Taylor,  C.W. , Smith,  W.R.  and  B.  Ghiselin.  The  Creative 

and  Other  Contributions  of  1 Sample  of  Research  Scientists. 
In  Taylor,  C.W.  and  F.  Barron  (Eds.),  Scientific  Cre- 
ativity: Its  Recognition  and  Development,  New  York  : 

John  Wiley  and  Sons,  Inc.,  1963,  53-76. 

Taylor,  C.W.,  Smith,  W.R. , Ghiselin,  B.  and  R.  Ellison. 
Explorations  in  the  Measurement  and  Prediction  of 
Contributions  of  1 Sample  of  Scientists.  Wright-Patterson 
Air  Force  Base,  Ohio;  Personnel  Laboratory,  Aeronautical 
Systems  Division,  Air  Force  Systems  Command,  Technical 
Report  ASD-TR-61-96 . 


J 


208 


I 


Taylor,  C.W.  and  K.  Yagi.  Results  of  an  Additional  Follow- 
Up  Criterion  on  a Sample  of  Air  Force  Scientists.  Salt 
Lake  City,  Utah  : University  of  Utah,  December,  1966, 
(AD-651-119) . 

Taylor,  I. A.  and  B.E.  Sandler.  Developing  Creativity  in 
Research  Chemists.  Proceedings  of  tne  APA,  1973, 

8,  585-6. 

Taylor,  James  C.  and  David  G.  Bowers.  The  Survey  of  Organ 
izations:  Toward  a Machine-Scored,  Standardized  Ques- 


tionnaire Instrument.  Ann  Arbor,  Michigan  : Institute 
for  Social  Research,  University  of  Michigan,  (Technical 
Report),  September,  1970. 

Thompson,  Victor  A.  Bureaucracy  and  Innovation.  Administra- 
tive Science  Quarterly,  1965,  10^,  No.l,  1-20. 

Thornton,  J.C.  Statistical  Inferences  for  Thick-Tailed 
Distributions . Unpublished  Doctoral  Dissertation, 
Rensselaer  Polytechnic  Institute,  1975. 

Torgerson,  Warren  S.  Theory  and  Methods  of  Scaling.  New 
York  : John  Wiley  and  Sons,  Inc.,  1958. 

Tucker,  M.F.,  Cline,  V.B.  and  J.R.  Schmitt.  Prediction  of 

Creativity  and  Other  Performance  Measures  from  Biograph- 
ical Information  Among  Pharmaceutical  Scientists. 

Journal  of  Applied  Psychology,  1967,  51,  131-38. 

Udy,  S.H.,  Jr.  The  Comparative  Analysis  of  Organizations. 

In  March,  J.C.  (Ed.),  Handbook  of  Organizations , Chicago: 
Rand  McNally,  1965. 


Tatsuoka,  M.M.  Multivariate  Analysis : Techniques  for 
Educational  and  Psychological  Research.  New  York  : 

John  Wiley  and  Sons,  Inc.,  1971. 

Taylor,  C.W.  (Ed.).  Climate  for  Creativity;  Report  of  the 
Seventh  National  Research  Conference  on  Creativity. 

New  York  : Pergamon,  1972. 

Taylor,  C.W.  (Ed.).  Creativity:  Progress  and  Potential. 

New  York  : McGraw-Hill,  1964. 

Taylor,  C.W.  and  F.  Barron  (Eds.).  Scientific  Creativity:  Its 
Recognition  and  Development.  New  York  : John  Wiley  and 
Sons,  Inc.,  1963. 

Taylor,  C.W.  and  John  Holland.  Predictors  of  Creative 

Performance.  In  Taylor,  C.W. (Ed.),  Creativity:  Pro- 
gress and  Potential,  New  York  : McGraw-Hill,  1964,  15-48. 

Taylor,  C.W.,  Smith,  W.R.  and  B.  Ghiselin.  The  Creative 

and  Other  Contributions  of  1 Sample  of  Research  Scientists. 
In  Taylor,  C.W.  and  F.  Barron  (Eds.),  Scientific  Cre- 
ativity: Its  Recognition  and  Development,  New  York  : 

John  Wiley  and  Sons,  Inc.,  1963,  53-76. 

Taylor,  C.W.,  Smith,  W.R. , Ghiselin,  B.  and  R.  Ellison. 
Explorations  in  the  Measurement  and  Prediction  of 
Contributions  of  1 Sample  of  Scientists.  Wright-Patterson 
Air  Force  Base,  Ohio;  Personnel  Laboratory,  Aeronautical 
Systems  Division,  Air  Force  Systems  Command,  Technical 
Report  ASD-TR-61-96 . 


Results  of  an  Additional  Follow- 


Taylor,  C.W.  and  K.  Yagi.  


Up  Criterion  on  a Sample  of  Air  Force  Scientists.  Salt 
Lake  City,  Utah  : University  of  Utah,  December,  1966, 


(AD-651-119) . 

Taylor,  I. A.  and  B.E.  Sandler.  Developing  Creativity  in 
Research  Chemists.  Proceedings  of  the  APA,  1973, 


8_,  585-6. 

Taylor,  James  C.  and  David  G.  Bowers.  The  Survey  of  Organ- 
izations: Toward  a Machine-Scored,  Standardized  Ques- 
tionnaire  Instrument.  Ann  Arbor,  Michigan  : Institute 
for  Social  Research,  University  of  Michigan,  (Technical 
Report),  September,  1970. 

Thompson,  Victor  A.  Bureaucracy  and  Innovation.  Administra- 
tive Science  Quarterly,  1965,  10^,  No.l,  1-20. 

Thornton,  J.C.  Statistical  Inferences  for  Thick-Tailed 
Distributions.  Unpublished  Doctoral  Dissertation, 
Rensselaer  Polytechnic  Institute,  1975. 

Torgerson,  Warren  S.  Theory  and  Methods  of  Scaling.  New 
York  : John  Wiley  and  Sons,  Inc.,  1958. 

Tucker,  M.F.,  Cline,  V.B.  and  J.R.  Schmitt.  Prediction  of 

Creativity  and  Other  Performance  Measures  from  Biograph- 
ical Information  Among  Pharmaceutical  Scientists. 

Journal  of  Applied  Psychology,  1967,  51,  131-38. 

Udy,  S.H.,  Jr.  The  Comparative  Analysis  of  Organizations. 

In  March,  J.C.  (Ed.),  Handbook  of  Organizations^  Chicago 
Rand  McNally,  1965. 


209 


Van  de  Geer,  J.P.  Introduction  to  Multivariate  Analysis 

for  the  Social  Sciences.  San  Francisco  : W.H.  Freeman 
and  Co. , 1971. 

Veldman,  D.J.  Fortran  Programming  for  the  Behavioral 

Sciences.  New  York  : Holt,  Rinehart  and  Winston,  1967. 

Vollmer,  H.M.  Adaptations  of  Scientists  in  an  Independent 
Research  Organization:  A Case  Study  II  a.  Menlo  Park, 

Ca.  : Stanford  Research  Institute,  May,  1963. 

Wallace,  M. , Ivancevich,  J.,  and  H.  Lyon.  Measurement 

Modifications  for  Assessing  Organizational  Climate  in 
Hospitals.  Academy  of  Management  Journal,  1975,  18, 

No.l,  82-97. 

Wallmark,  J.T.  and  B.  Sellerberg.  Efficiency  vs.  Size  of 

Research  Teams . IEEE  Transactions  on  Engineering  Manage- 
ment, 1966,  EM-13,  No. 3,  137-42. 

Webster's  Seventh  New  Collegiate  Dictionary.  Springfield, 
Mass.  : G.  and  C.  Merriam  Co.,  1971. 

Whitley,  Richard  and  Penelope  A.  Frost.  The  Measurement  of 
Performance  in  Research.  Human  Relations , 1971,  24 , 

No. 2,  161-78. 

Winer,  B.J.  Statistical  Principles  in  Experimental  Design. 

(2d  Ed.).  New  York  : McGraw-Hill,  1971. 

Zedeck,  S.,  Imparato,  N. , Krausz,  M. , and  T.  Oleno.  Develop- 
ment of  Behaviorally  Anchored  Rating  Scales  as  a Function 
of  Organizational  Level.  Journal  of  Applied  Psychology 
1974,  59,  No. 3,  249-52. 


r 

ft 

1 

211 

APPENDIX 

r 

Page 

•< 

A.  Pretest  Questionnaire 

. . 212 

1 

• 

B.  Group  Leader  Questionnaire  

. . 220 

| ! 

f 

C.  Revised  Questionnaire 

. . 223 

D.  Follow-up  Letter  

. . 230 

kf 

E.  Means,  Standard  Deviations  and  Correlation 
Matrix  for  N = 154  

. . 232 

t 

1 \ 

i 

F.  Means,  Standard  Deviations  and  Correlation 

Matrix  for  N=35 

. . 245 

1 

G . Coding  Schemes 

. . 258 

| 

H.  Computer  Programs  Utilized  

. . 264 

f 

f i 

I . Normal  Probability  Plots  of  Productivity 

Residuals  for  N = 36,  35  and  31 

. . 266 

i 

« 

i 

■ 

IT  * L | 

- + 

; * , 

* 

i. , 

t * 

j * 

•*. 

4 4*< 

|5 
. V 

i 

1 

j 

J 

— 

~W5| 

A 

Rensselaer  Polytechnic  Institute 


TROY.  NEW  YORK  12181 

School  or  Management 

29  Mar  75 

r 


Dear  Sir, 

We  are  asking  your  voluntary  cooperation  in  a study 
aimed  at  relating  certain  organizational  variables  in 
various  laboratories  to  the  innovation  and  productivity 
of  the  various  organizations. 

Your  responses  will  be  kept  in  confidence  and  your 
anonymity  is  guaranteed.  All  data  will  be  reported  in 
aggregate  form  only. 

The  study  is  being  conducted  as  part  of  the  require- 
ments for  my  doctorate,  in  association  with  the  Center 
for  Research  on  Research  at  Rensselaer  Polytechnic  Insti- 
tute. This  study  in  conjunction  with  several  that  are 
being  carried  out  in  private  laboratories,  as  well  as 
in  other  government  laboratories , will  hopefully  be 
used  to  develop  policy  and  guidelines  that  will  enhance 
U.S.  technological  innovation  and  output. 

Your  cooperation  in  completing  and  returning  this 
questionnaire  is  vital  to  the  completion  of  this  work. 
Thank  you  for  your  help  in  our  research. 


Capt,  USAF 
Ph.D. Candidate 
Rensselaer  Polytechnic 
Institute 


Sincere lj 


Michael  J.  Stahl 
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I. 


PEER  RATING  FORM 


A)  Introduction 

We  are  concerned  with  the  work  output  of  Research  and 
Development  personnel . Output  as  used  in  our  research  includes : 

a.  New  or  improved  products; 

b.  New  or  improved  processes; 

c.  New  or  improved  techniques; 

d . Patents ; 

e.  Patent  applications; 

f.  Published  papers  in  technical  or  professional 
journals  (or  A.F.  technical  reports) ; 

g . Books ; 

h.  Manuscripts;  and 

i.  Oral  presentations  to  technical  or  professional 
audiences . 

Effort  that  is  not  operationalized  or  does  not  result  in  an 
end  product  of  some  kind  (the  above  list) , is  not  included  in  the 
definition  of  research  output.  Thus,  ideas,  thoughts,  etc.  that 
are  not  translated  into  results  are  not  considered  output. 

There  are  at  least  2 dimentions  of  scientific/engineering 
output  which,  if  analyzed  separately,  can  aid  one's  understanding 
of  R&D . One  dimension  is  productivity  (quantity) , and  the  other 
is  innovativeness  (quality  of  a certain  type) . Obviously,  the  2 
can  and  often  do  occur  together.  Hopefully,  by  analyzing  the  2 
dimensions  separately,  the  relationship  between  organizational 
variables  and  R&D  output  can  be  better  understood. 

Innovation  is  defined  as  output  that  is  original  and  useful. 

Originality  refers  to  output  that  makes  discrete  jumps  in 
knowledge,  theory,  technique  or  product  that  was  not  readily 
predictable  before  the  fact.  At  best,  non-oriqinal  output  is  a 
continous,  somewhat  predictable  extension  of  knowledge,  theory, 
technique  or  product. 

Usefulness  means  that 

a.  the  output  adds  to  the  fund  of  knowledge, 
or  b.  is  workable  if  capable  of  demonstration  and  test, 

or  c.  is  replicable  by  other  researchers  in  logic  and 

methodology,  even  if  it  apparently  conflicts  with  other 

knowledge  and  is  years  from  the  point  of  demonstration  and 

testing . 

Originality  and  usefulness  are  necessary  and  sufficient 
characteristics  output  must  possess  to  be  classified  as  innovative. 

Building  upon  the  previous  definition  of  output,  productivity 
is  defined  as  quantity  or  amount  of  output,  without  regard  to 
innovativeness  or  any  other  quality. 


1. 


B)  Branch  Rating 
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(1)  Productivity.  Viewing  productivity  as  quantity  of  output, 
please  rate  the  productivity , over  the  last  3 years , of  the  other 
branches  in  your  division.  (Place  the  appropriate  number  from 
the  following  scale  next  to  the  branch's  name.) 


~Y~  T~ 

Zero  Produc- 
tivity - no 
output  in  last 
3 years . 


~5~  ~9~ 

Out standing  Pro 
ductivity  - ex 
ceptional  amount 
of  output  in  last 
3 years. 


(2)  Innovativeness.  If  you  assigned  a score  greater  than  1 on  the 
productivity  scale,  please  rate  the  innovativeness  (originality  and 
usefulness)  of  the  output,  over  the  last  3 years,  of  the  other 
branch's  in  your  division.  (Place  the  appropriate  number  from  the 
following  scale  next  to  the  branch's  name.) 

If  you  assigned  a score  of  1 on  the  productivity  scale,  please 
skip  this  question. 


nr  nr 


No  Innovative- 
ness - output 
was  not  orig- 
inal or  had  no 
usefulness . 


Outstanding  In- 
novativeness 
- output  was  ex- 
tremely original 
and  useful. 


C)  Individual  Ratings 
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The  following  5 individuals  have  been  randomly  selected  from 
your  branch.  You  are  asked  to  rate  them  on  innovation  and  productiv- 
ity. Let  me  assure  you  that  the  data  will  be  kept  confidential  and 
used  for  Research  purposes  only. 

(1)  Productivity.  Viewing  productivity  as  quantity  of  output, 
please- rare  tne  productivity,  over  the  last  3 years  of  the  following 
5 individuals.  (Place  the  appropriate  number  from  the  following 
scale  next  to  their  name.) 


“8" 


Zero  Produc- 
tivity - no 
output  in  last 
3 years . 


Outstanding  Pro- 
ductivity - ex- 
ceptional amount 
of  output  in  last 
3 years. 


rf 


(2)  Innovativeness.  If  you  assigned  a score  greater  than  1 on  the 
productivity  scale,  please  rate  their  innovativeness  (originality  and 
usefulness)  over  the  last  3 years.  (Place  the  appropriate  number  from 
the  following  scale  next  to  their  name.) 

If  you  assigned  a score  of  1 on  the  productivity  . a,  please 
skip  this  question. 


No  Innovative- 
ness - output 
was  not  orig- 
inal or  had  no 
usefulness . 


Outstanding  In- 
novativeness 
- output  was  ex- 
tremely original 
and  useful. 


4 

i 

t*$ 
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ORGANIZATIONAL  VARIABLES  FORM 
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A)  Please  complete  the  following: 


Age (in  years  using  last 
birthday) . 


Educational  level (Circle  highest  degree) 
B.S. ,M.S. ,Ph.D. , Other (please  specify) 


Current  Grade (GS  level 
or  military  grade) . 


Major  field  of  study  for  highest  degree. 


Years  in  current 
branch (round  to 
nearest  year) . 


Nature  of  current  work(%  of  time  per  category) 

Engineering  development  work.  

Scientific  research  work.  

Other (Please  specify).  


Years  of  scientific/engineering  experience (research , consulting, 
etc.)  since  first  degree (round  to  nearest  year).  

Years  of  Federal  Government  Employment  in  a scientific/engineering 
capacity (round  to  nearest  year).  

Percent  of  total  working  time  in  nontechnical  activities (adminis- 
tration, contract  monitoring,  etc.)  

Frequency  of  attendance  at  national  or  international  professional 
society  meetings (number  of  meetings  per  year). 

Your  frequency  of  communication  with: 

(a)  other  scientists/engineers  within  own  branch  on  technical  matters 

(number  of  contacts  per  week  - round  to  nearest  number) . 

(b)  other  scientists/engineers  outside  own  branch  but  within  your 
laboratory  on  technical  matters (number  of  contacts  per  week  - round 
to  nearest  number). 

(c)  branch  chief  on  technical  matters  (number  of  contacts  per  week 

- round  to  nearest  number) . 

B)  Please  complete  the  following  by  placing  a check  mark  or  X 
above  what  you  feel  is  the  appropriate  category. 

1.  What  amount  of  pressure  is  exerted  upon  you  by  your  branch  chief 
for : 

(a)  Quantity  of  output. 


No  Pressure 
-quantity  of 
output  never 
mentioned . 


Extensive  Pres- 
sure - quantity 
of  output  always 
stressed. 


(b)  Innovative  (original  and  useful)  output. 


I • 
* . 

i'i 
l * 


No  Pressure 
-innovative 
output  never 
mentioned. 


Extensive  Pres- 
sure - innova- 
tive output  al- 
ways stressed 


I 


(c)  Meeting  deadlines  and  schedules. 


No  Pressure 
- deadlines 
and  sched- 
ules never 
mentioned. 


8 9 

Extensive  Pres- 
sure - deadlines 
and  schedules 
always  stressed. 


Relevancy  of  your  work  to  the  Air  Force  Mission. 


No  Pressure 
- relevancy  of 
work  to  AF  Mis- 
sion never  men- 
tioned . 


Extensive  Pres- 
sure - relevancy 
of  work  to  AF 
Mission  always 
stressed . 


2.  How  would  you  rate  the  professional  competence  (i.e.  skill  in 
his  own  technical  speciality)  of  your  branch  chief? 


Absolute  Incom- 
petence - either 
no  skill  or  ex- 
treme obsoles- 


Extreme  Compe- 
tence- truly 
outstanding  and 
current  in  his 
speciality. 


Extent  of  participation  with  branch  chief  on: 

(a)  Goal  setting  (including  project  selection)  concerning 
my  work. 


1 2 
No  Participa- 
tion - I either 
set  my  own  goals 
or  they  are  set 
for  me . 


Total  Participa- 
tion - branch 
chief  always  ac- 
tively shares  this 
function  with  me. 


Routine  decision  making  concerning  my  work. 


No  Participa- 
tion - I either 
make  all  deci- 
sions concern- 
ing my  work  or 
they  are  made 
for  me. 


Total  Participa- 
tion - branch 
chief  always  ac- 
tively shares  this 
function  with  me. 


4.  Extent  of  branch  chief's  empathy  (i.e.  understands  my  feelings). 


Complete  Empathy 
- he  always  deep- 
ly understands  my 
feelings . 


No  Empathy  -He 
never  under- 
stands my  feel- 
ings . 


JS**..  ... 


5. 


5. 


Extent  to  which  branch  chief  rewards: 
(a)  Quantity  of  Output. 
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~T~ 

Never  - he 
never  rewards 
quantity  of 
output. 


~5~  ~r 

Always  - he  al- 
ways provides 
meaningful  re- 
wards for  quan- 
tity of  output. 


(b)  Innovative  (original  and  useful)  output. 


Never  - he 
never  rewards 
innovative  out- 
put. 


~s~  — 

Always  - he  al- 
ways provides 
meaningful  re- 
wards for  inno- 
vative output. 


6.  How  thorough  is  your  branch  chief  in  his  evaluation  of  your 
work? 


nr  ~t~ 

No  Evaluation 
- branch  chief 
never  evaluates 
my  work. 


“3“  ~T~ 

Total  Evaluation 
- branch  chief 
always  evaluate: 
my  work  in  detail 


7.  How  stable  has  the  branch's  mission  been  over  the  past  3 years? 


1 

No  Stability 
- mission  to- 
tally changed. 


5 


6 7 


IT"  ~ 

Absolute  Stabil- 
ity - no  change 
in  mission. 


8.  Extent  of  freedom/c ’’ton  u crom  branch  chief  concerning  my  work. 


1 2 
No  Freedom 
- branch  chief 
exerts  abso- 
lute control 
over  my  work. 


4 5 6 7 ~S~  9 

Total  Freedom 
- branch  chief 
exerts  no  con- 
trol over  my 
work. 


6. 
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Please  complete  the  followingj 


1.  Age  (in  years  using  last  birthday). 


2.  Educational  level  (Circle  highest  degree). 
B.S.  M.S.  Ph.D.  Other  (please  specify) 


3.  Years  in  current  group  leader  position  (round  to  nearest 
year.)  


4.  Major  field  of  study  for  highest  degree. 


5.  Turnover  is  expressed  as  a ratio  of  the  number  of  scien- 
tists/engineers who  have  left  your  group  in  the  past  2 
years  to  the  average  number  of  scientists/engineers  in 
your  group  during  that  time . What  has  been  the  per  cent 
turnover  of  scientists/engineers  for  your  group  in  the 
past  2 years?  


6.  Years  your  group  has  been  working  in  this  technical  area 
(neglecting  semantic  changes)  (round  to  the  nearest  year). 


7.  FY  75  dollar  budget  as  $ of  FY  73  dollar  budget  for  your 
group.  


8.  Number  of  authorized  scientists  and  engineers  in  FY  75  as 
% of  number  of  authorized  scientists  and  engineers  in  FY 
73  for  your  group.  

> 
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School  of  Managem?"!! 


Rensselaer  Polytechnic  Institute  Troy,  New  York  12181 


2 Jun  75 


Dear  Sir, 

I am  asking  your  voluntary  cooperation  in  a study 
aimed  at  relating  certain  organizational  variables  in 
various  laboratories  to  the  innovation  and  productivity 
of  the  various  organizations . 

Your  responses  will  be  kept  in  confidence  and  your 
anonymity  is  guaranteed.  All  data  will  be  reported  in 
aggregate  form  only.  I have  put  a code  number  on  your 
questionnaire  only  for  control  purposes.  No  one  else 
has  access  to  the  code  or  the  data. 

The  study  is  being  conducted  as  part  of  the  require- 
ments for  my  doctorate,  in  association  with  the  Center 
for  Research  on  Research  at  Rensselaer  Polytechnic  Insti- 
tute. This  study  in  conjunction  with  several  that  are 
being  carried  out  in  private  laboratories,  as  well  as  in 
other  government  laboratories,  will  hopefully  add  to  the 
fund  of  knowledge  concerning  organizational  variables 
associated  with  the  innovation  and  productivity  of  R&D 
organizations. 

I use  the  terms  group  and  group  leader  in  the  ques- 
tionnaire. Some  laboratories  use  the  terms  technical  areas 
and/or  technical  area  managers  instead.  Which  ever  terms 
are  appropriate,  please  think  in  terms  of  your  immediate 
formal  work  group  and  immediate  supervisor. 

Your  cooperation  in  completing  and  returning  this 
questionnaire  within  3 weeks  is  vital  to  the  completion 
of  this  work  . Thank  you  for  your  help  in  my  research. 


Sincerely, 


Michael  J.  Stahl,  Capt,  USAF 
Ph.D.  Candidate 

Rensselaer  Polytechnic  Institute 


USAF  SCN  75-140 


PEER  RATING  FORM 


1 


225 


A)  Introduction.  The  following  definitions  are  used  through- 
out the  questionnaire . 

1.  OUTPUT  (of  Research  and  Development  personnel)  includes! 

a.  New  or  improved  products i 

b.  New  or  improved  processes! 

c.  New  or  improved  techniques i 

d . Patents  j 

e.  Patent  applications! 

f.  Published  papers  in  technical  or  professional 
journals  (or  A.F.  technical  reports/memorandums) i 

g.  Booksi 

h.  Manuscripts?! 

i.  Oral  presentations  to  technical  or  professional 
audiencesi  and 

j.  Requests  for  proposals. 

Effort  that  is  not  operationalized  or  does  not  result  in 
an  end  product  of  some  kind  (the  above  list),  is  not  included 
in  the  definition  of  research  output.  Thus,  ideas,  thoughts, 
etc.,  that  are  not  translated  into  results  are  not  considered 
output. 


2.  INNOVATION!  Output  that  is  original  and  useful.  Originality 
and  usefulness  are  necessary  and  sufficient  characteristics  out- 
put must  possess  to  be  classified  as  innovative.  Innovativeness 
may  be  viewed  as  a quality  dimension  of  output. 

a.  ORIGINAL!  The  output  makes  discrete  jumps  in  knowledge, 
theory,  technique  or  product  that  was  not  readily  predictable 
before  the  fact.  At  best,  non-original  output  is  a continuous 
somewhat  predictable  extension  of  knowledge,  theory,  technique 

or  product. 

b.  USEFUL:  The  output 

i.  adds  to  the  fund  of  knowledge, 
or  ii.  is  workable  if  capable  of  demonstration  and  test, 
or  iii.  is  replicable  by  other  researchers  in  logic  and 
methodology,  even  if  it  apparently  conflicts  with 
other  knowledge  and  is  years  from  the  point  of  dem- 
onstration and  test.  Thus,  usefulness  is  broader  in 
scope  than  payoff  or  immediate  usefulness  to  the  Air 
Force. 


■ a 
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3-  PRODUCTIVITY : Quantity  or  amount  of  output,  without  regard 

to  innovativeness  or  any  other  quality.  Productivity  may  be 
viewed  as  a quantity  dimension  of  output. 


1. 
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B)  Individual  Ratings 

The  following  individuals  have  been  randomly  selected  from 
your  group.  You  are  asked  to  rate  them  on  innovation  and  pro- 
ductivity. Let  me  assure  you  that  the  data  will  be  kept  confi- 
dential and  used  for  research  purposes  only  here  at  RPI. 

(1)  Productivity.  Viewing  productivity  as  quantity  of  output, 
please  rate  the  productivity,  over  the  last  2 years  of  the  following 
individuals.  If  you  or  they  have  been  in  the  group  for  less  than 
2 years,  please  indicate  the  time  period  over  which  you  are  rating 
them.  (Place  the  appropriate  number  from  the  following  scale  next 
to  their  name.) 


123  "5~  5 

Zero  Produc- 
tivity - no 
output  in  last 
2 years. 


7 


T — 

Outstanding  Pro- 
ductivity - ex- 
ceptional amount 
of  output  in  last 
2 years. 


(2)  Innovativeness . If  you  assigned  a score  of  1 on  the  produc- 
tivity  scale,  please  do  not  rate  the  individual  on  this  question. 
If  you  assigned  a score  greater  than  1 on  the  productivity  scale, 
please  rate  their  innovativeness  (originality  and  usefulness)  over 
the  last  2 years.  If  you  or  they  have  been  in  the  group  for  less 
than  2 years,  please  indicate  the  time  period  over  which  you  are 
rating  them.  (Place  the  appropriate  number  from  the  following 
scale  next  to  their  name.) 

T"  ~ 

No  Innovative- 
ness - output 
was  not  orig- 
inal or  had  no 
usefulness . 


3 T-  5 7 IT  9 

Outstanding  In- 
novativeness 
- output  was  ex- 
tremely original 
and  useful. 


II. 
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227 


A)  Please  complete  the  following: 


Age (in  years  using  last 
birthday) . 

Educational  level(Circle  highest  degree). 
B.S. ,M.S. ,Ph.D,  Other(please  specify) 

Current  Grade (GS  level 
or  military  grade). 

Major  field  of  study  for  highest  degree. 

Years  in  current 
group (round  to 
nearest  year). 

Nature 
Resear* 
Engine* 
System 
Other  i 

of  current  work (#  of  time  per  category) 
:h 

»ring  Development 
Program  Office  Support 
(please  specify) 

Years  of  scientific/engineering  experience (research,  consulting, 
etc.)  since  first  degree(round  to  nearest  year).  


Years  of  Federal  Government  Employment  in  a scientific/engineering 
capacity  (round  to  nearest  year).  

Percent  of  total  working  time  in  nontechnical  activities (adminis- 
tration, contract  monitoring,  etc.)  

Frequency  of  attendance  at  national  or  international  professional 
society  meetings  (number  of  meetings  per  year).  


Your  frequency  of  communication  with: 

(a)  other  scientists/egnineers  within  own  group  on  technical  matters 
(number  of  contacts  per  week-  round  to  nearest  number). 

(b)  other  scientists/engineers  outside  own  group  but  within  your 

laboratory  on  technical  matters  (number  of  contacts  per  week-  round 
to  nearest  number) . 

(c)  group  leader  on  technical  matters  (number  of  contacts  per  week 

- round  to  nearest  number).  


3)  Please  complete  the  following  by  placing  a check  mark  or  X 
above  what  you  feel  is  the  appropriate  category. 

1.  Y/hat  amount  of  pressure  is  exerted  upon  you  by  your  group  leader 
for: 

(a)  Quantity  of  output. 


12  3 “T"  5 “5“  7 

No  Pressure 
- quantity  of 
output  never 
mentioned . 


nr  ~r 

Extensive  Pres- 
sure- quantity 
of  output  always 
stressed. 


(b)  Innovative  (original  and  useful)  output. 


~r 

No  Pressure 
- innovative 
output  never 
mentioned. 


2 3 T"  5 ~5~ 


— T ~ 

Extensive  Pres- 
sure- innnova- 
tive  output  al- 
ways stressed. 


(c)  Meeting  deadlines  and  schedules, 


No  Pressure 
- deadlines 
and  sched- 
ules never 
mentioned . 


Extensive  Pres- 
sure - deadlines 
and  schedules 
always  stressed. 


(d)  Relevancy  of  your  work  to  the  Air  Force  Mission. 


1 2 
No  Pressure 
- relevancy  of 
work  to  AF  Mis- 
sion never  men- 
tioned . 


~T  ~r 

Extensive  Pres- 
sure - relevancy 
of  work  to  AF 
Mission  always 
stressed. 


How  would  you  rate  the  professional  competence (i.e.  skill  in 
his  own  technical  speciality)  of  your  group  leader? 


1 2 

Absolute  Incom- 
petence -either 
no  skill  or  ex- 
treme obsoles- 
cence . 


8 9 

Extreme  Compe- 
tence - truly 
outstanding  and 
current  in  his 
speciality. 


Extent  of  participation  with  group  leader  om 

(a)  Goal  setting( including  project  selection)  concerning 
my  work. 


1 2 
No  Participa- 
tion - I set  my 
own  goals  or 
they  are  set  for 
me. 


Total  Participa- 
tion- he  always 
actively  shares 
this  function 
with  me. 


(b)  Routine  decision  making  concerning  my  work. 


No  Participa- 
tion -I  either 
make  all  deci- 
sions concern- 
ing my  work  or 
they  are  made 
for  me . 


T 


Total  Participa- 
tion - he  always 
actively  shares 
this  function 
with  me. 


4.  Extent  of  group  leader's  empathy  (i.e.  understands  my  feelings). 


T~  ' 

No  Empathy  - he 
never  under- 
stands my  feel- 
ings. 


~ “5“ 


T" 

Complete  Empathy 
-he  always  deep- 
ly understands 
my  feelings. 


4. 


Extent  to  which  group  leader  rewards » 
(a)  Quantity  of  Output. 
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~rr 


~r 


Never-  he 
never  rewards 
quantity  of 
output. 


— 

Always  - he  al- 
ways provides 
meaningful  re- 
wards for  quan- 
tity of  output- 


(b)  Innovative  (original  and  useful)  output. 


1 2 

Never  - he 
never  rewards 
innovative  out- 
put. 

~ T" 

5 

~r 

7 

“5“  ~9~ 

Always-  he  al- 
ways provides 
meaningful  re- 
wards for  inno- 
vative output. 

6.  How  thorough  is 
work? 

your  group 

leader 

in  his 

evaluation  of  your 

~ ~T 

No  Evaluation 
- he  never 
evaluates  my 
work. 

— T" 

T 

~r 

7 

HT  T 

Total  Evaluation 
- he  always  eval 
uates  my  work  v 
detail. 

7.  How  stable  has 

the  group's 

mission 

been 

over 

the  past  2 years? 

~T~  ~2~ 

No  Stability 
- mission  to- 
tally changed. 

T TT 

~T 

~T 

~T 

T 

Absolute  Stabil- 
ity - no  change 
in  mission. 

8.  Extent  of  freedom/autonomy 

from  group  leader 

concerning  my  work. 

1 2 

T ~TT 

5 

~T~ 

7 

— 

No  Freedom- 
he  exerts  abso- 
lute control 
over  my  work. 


Total  Freedom  - 
he  exerts  no  con- 
trol over  my  work. 


5. 
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Rensselaer  Polytechnic  Institute  Troy,  New  York  1 21 81 


23  Jun  75 


Dear  Sir, 

In  this  follow-up  to  my  2 Jun  75  letter,  I am  again 
asking  for  your  voluntary  cooperation.  Due  to  the  nature  of 
the  questions,  YOU  AND  ONLY  YOU  can  provide  the  data  that  I 
need  for  my  dissertation.  Unquestionably,  the  research  can 
not  be  completed  with  the  current  very  low  response  rate. 

Your  responses  will  be  kept  in  confidence  and  your  anon- 
ymity is  guaranteed.  All  data  will  be  reported  in  aggregate 
form  only.  I have  put  a code  number  on  your  questionnaire 
solely  for  control  purposes.  No  one  else  has  access  to  the 
code  or  the  data. 

The  questionnaire  has  been  approved  by  USAF  as  evidenced 
by  the  Survey  Control  Number  on  the  bottom.  No  one  in  USAF 
(other  than  myself)  is  sponsoring  this  research  and  no  one 
shall  have  access  to  the  data. 

The  study  is  being  conducted  as  part  of  the  requirements 
for  my  doctorate,  in  association  with  the  Center  for  Research 
on  Research  at  Renesselaer  Polytechnic  Institute.  This  study 
in  conjunction  with  several  that  are  being  carried  out  in  pri- 
vate laboratories,  as  well  as  in  other  government  laboratories, 
will  hopefully  add  to  the  fund  of  knowledge  concerning  organ- 
izational variables  associated  with  the  innovation  and  pro- 
ductivity of  R&D  organizations. 

Your  cooperation  in  completing  and  returning  this  question- 
naire within  3 weeks  is  vital  to  the  completion  of  this  work. 
Thank  you  for  your  help  in  my  research. 

I'm  sorry  to  bother  you  if  our  letters  cross  in  the  mail. 


Michael  J.  Stahl,Capt,USAF 
Ph.D,  Candidate 

Rensselaer  Polytechnic  Institute 
P.S.  My  telephone  number  ist  A.C.  518,  237-0645. 
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APPENDIX  E 


MEANS,  STANDARD  DEVIATIONS 


CORRELATION  MATRIX 


FOR  N = 154 
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VARIABLE  U) 

MEAN 

STANDARD 

DEVIATION 

AGE 

35.7 

9.19 

EDCTN 

2.3 

0.70 

IGHOMO 

0.6 

0.49 

GRADE 

3.3 

0.81 

TINGRP 

5.3 

4.70 

SCIORE 

0.2 

0.41 

TSEEXP 

11.3 

7.88 

TFEDSE 

9.3 

6.96 

NWORKA 

2.4 

0.92 

TNOTCH 

28.0 

23.13 

PROMTG 

0.9 

0.93 

COMWIG 

12.9 

16.19 

COMOUT 

4.9 

8.95 

COMWGL 

3.3 

3.61 

QPRESS 

4.0 

1.98 

IPRESS 

3.8 

2.09 

TPRESS 

5.7 

2.04 

RELPRS 

5.9 

2.14 

GLPCMP 

6.5 

1.82 

PARTG 

5.0 

2.27 

PARTDM 

3.9 

2.06 

EMPTHY 

6.0 

1.93 

RWDSQ 

4.9 

2.11 

RWDSI 

5.2 

2.31 

(1)  The  variable  abbreviations  are  defined  in  Table  XII. 


VARIABLE 

MEAN 

STANDARD 

DEVIATION 

EVAL 

5.2 

2.04 

MISSTB 

5.8 

2.28 

FREEDA 

6.8 

1.48 

TWORK 

1.1 

0.65 

MILCIV 

0.2 

0.40 

AGE  4 

2.1 

0.93 

AG4XED 

4.9 

2.99 

EMXCOL 

21.0 

26.29 

EMXLCP 

40.4 

18.68 

EMXPG 

31.9 

19.64 

EMXRWQ 

31.2 

18.49 

EMXRWI 

33.6 

20.34 

EMXEVL 

32.9 

18.32 

INNOVATION 

5.4 

1.53 

PRODUCTIVITY 

5.9 

1.46 

(2)  For  r = .158,  p = .05  and  for  r = .207 


1 


241 


•*t4-  . . 


244 


246 


VARIABLE 

MEAN 

STANDARD 

deviation 

AGE 

35.7 

5.56 

EDCTN 

2.4 

0.39 

GHETER 

2.3 

0.87 

GRADE 

3.2 

0.61 

TINGRP 

5.3 

3.33 

PSCI 

0.2 

0.25 

TSEEXP 

11.2 

4.77 

TFEDSE 

9.3 

4.46 

NWORKA 

2.4 

0.58 

TNOTCH 

28.1 

13.82 

PROMTG 

0.9 

0.54 

COMWIG 

12.8 

8.02 

COMOUT 

4.8 

3.63 

COMWGL 

3.2 

1.74 

QPRESS 

4.0 

1.24 

IPRESS 

3.8 

1.05 

TPRESS 

5.7 

1.20 

RELPRS 

6.0 

1.14 

GLPCMP 

6.4 

1.10 

PARTG 

5.0 

1.31 

PARTDM 

3.9 

1.07 

EMPTHY 

5.8 

1.16 

RWDSQ 

4.8 

1.12 

RWDSI 

5.1 

1.34 

(1)  The  Variable 

abbreviations  are  defined 

in  Table  XXII 
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VARIABLE  11 > 

MEAN 

STANDARD 

DEVIATION 

EVAL 

5.1 

1.02 

MISSTB 

5.7 

1.55 

FREEDA 

6.9 

0.85 

TWORK 

1.1 

0.65 

PMIL 

0.2 

0.22 

AGE  4 

2.0 

0.53 

AG4XED 

5.0 

1.73 

NWU 

9.4 

5.97 

GRPSIZ 

5.3 

1.62 

GRPSZ2 

2.6 

3.67 

LABI 

0.4 

0.50 

LAB  2 

0.2 

0.43 

INNOVATION 

5.4 

0.88 

PRODUCTIVITY 

5.9 

0.86 

(2)  For  r = .334,  p = .05  and  for  r = .430 
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INDIVIDUAL  LEVEL  CODING  SCHEME 
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VARIABLE  t1 > 

VALUE 

CODE 

AGE 

Actual  years 

Actual  years 

EDCTN 

Ph.D. 

1 

M.S. 

2 

B.S. 

3 

IGHOMO 

Mode 

1 

Otherwise 

0 

GRADE 

GS  6,7,8  and  2dLt. 

1 

GS  9,10  and  lLt. 

2 

GS  11,12  and  Capt. 

3 

GS  13  and  Ma j . 

4 

GS  14  and  Lt.Col. 

5 

GS  15 

6 

TINGRP 

Actual  years 

Actual  years 

SCIORE 

Scientist 

1 

Engineer 

0 

TSEEXP 

Actual  years 

Actual  years 

TFEDSE 

Actual  years 

Actual  years 

NWORKA 

Research,  Engineering, 
System  Program  Office 
Support,  Other 

Actual  number  of 
work  areas 

TNOTCH 

Actual  percent 

Actual  percent 

x 100 


■1 


h 

t1 


PROMTG 

COMWIG 

COMOUT 


Actual  number  per  year 

Actual  number  of 
contacts  per  week 

Actual  number  of 
contacts  per  week 


Actual  number  per 
year 

Actual  number  of 
contacts  per  week 

Actual  number  of 
contacts  per  week 


(1)  The  abbreviations  used  are  defined  in  Table  XII. 


INDIVIDUAL  LEVEL  CODING  SCHEME  (Cont) 


VARIABLE 

VALUE 

CODE 

COMWGL 

Actual  number 

of 

Actual  number  of 

contacts  per 

week 

contacts  per  wee! 

QPRESS 

Scale  value 

1-9 

IPRESS 

Scale  value 

1-9 

TPRESS 

Scale  value 

1-9 

RELPRS 

Scale  value 

1-9 

GLPCMP 

Scale  value 

1-9 

PARTG 

Scale  value 

1-9 

PARTDM 

Scale  value 

1-9 

EMPTHY 

Scale  value 

1-9 

RWDSQ 

Scale  value 

1-9 

RWDSI 

Scale  value 

1-9 

EVAL 

Scale  value 

1-9 

MISSTB 

Scale  value 

1-9 

FREEDA 

Scale  value 

1-9 

TWORK 

(Predominant 

Support 

category) 

0 

Development 

1 

Research 

2 

MILCIV 

Military 

1 

Civilian 

0 

AGE  4 

129 

1 

30-39 

2 

40-49 

3 

i50 

4 

INDIVIDUAL  LEVEL  CODING  SCHEME  (cont) 


VARIABLE 

VALUE 

CODE 

AG4XED 

AGE4  (1-4 ) x 

EDCTN (1-3 ) 

1-12 

EMXCOL 

EMPTHY  (]  -9 ) 

X 

COMWGL (1-9) 

1-81 

EMXLCP 

EMPTHY  (1-9) 

X 

GLPCMP (1-9 ) 

1-81 

EMXPG 

EMPTHY (1-9) 

X 

PARTG (1-9 ) 

1-81 

EMXRWQ 

EMPTHY (1-9) 

X 

RWDSQ (1-9 ) 

1-81 

EMXRWI 

EMPTHY (1-9) 

X 

RWDSI (1-9) 

1-81 

EMXEVL 

EMPTHY (1-9) 

X 

EVAL ( 1- 9 ) 

1-81 

GROUP  LEVEL  CODING  SCHEME 


VARIABLE  VALUE  CODE 


AGE  G 

EDCTN  G 

GHETER  Number  of  disciplines 

within  the  group  1-5 

GRADE  G 

TINGRP  G 

PSCI  Ratio  of  number  of 

scientists  to  group  size  0-1.0 

TSEEXP  G 

TFEDSE  G 

NWORKA  G 

TNOTCH  G 

PROMTG  G 

COMWIG  G 

COMOUT  G 

COMWGL  G 

QPRESS  G 

IPRESS  G 

TPRESS  G 

RELPRS  G 

(1)  The  abbreviations  used  are  defined  in  Table  XXII. 

(2)  Blank  means  same  value  as  for  individual  level. 

(3)  5 means  group  average. 
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GROUP  LEVEL  CODING  SCHEME  (cont) 


VARIABLE 


VALUE 


CODE 


GLPCMP 

PARTG 

PARTDM 

EMPTHY 

RWDSQ 

RWDSI 

EVAL 

MISSTB 

FREEDA 

TWORK 

PMIL 

AGE  4 

AG4XED 

NWU 

GRPSIZ 

GRPSZ2 

LABI 

LAB  2 


Ratio  of  number  of 
military  to  group  size 


Actual  number 


5 

G 

G 

G 

G 

5 

G 

5 

e 

Mode 


0-1.0 

G 

G 

Actual  number 


Number  of  scientists/  Number  of 

engineers  scientists/ 

engineers 

(GRPSIZ  - average  GRPSIZ)2  q-16 


LABI  1 

Otherwise  0 

LAB  2 1 

Otherwise  0 


' ' ■ 
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COMPUTER  PROGRAM  TITLE 

BMD01V  - Analysis  of  Variance 
for  One-Way  Design 

BMD02R  - Stepwise  Regression 

BMD06D  - Description  of  Strata 

CANONA  - Canonical  Correlation 
Analysis 

NON  PAR  CORR  - Spearman 
Rank-Order  Correlations 

PEARSON  CORR  - Pearson 
Product-  Moment  Correlations 

ROBUST  REGRESSION 


SOURCE 


Dixon  (1973) 

Dixon  (1973) 

Dixon  (1973) 

Veldman  (1967) 

Nie,et  al.  (1975) 

Nie,et  al.  (1975) 
Schumaker  (RPI) 


TWO  CHI  GOODNESS  OF  FIT 


Schumaker  (RPI) 


APPENDIX  I 


NORMAL  PROBABILITY  PLOTS  OF  PRODUCTIVITY 


APIT  TR  76-10 


VITA 

Michael  J.  Stahl  was  born  on  25  May  1946  in  Scranton, 
Pennsylvania.  He  graduated  from  high  school  In  Scranton, 
Pennsylvania  in  1964.  He  attended  the  University  of  Scranton 
and  then  the  State  University  of  New  York  at  Buffalo,  from 
which  he  received  a Bachelor  of  Science  Degree  in  Electrical 
Engineering  in  1969 . ' At  that  time,  he  was  commissioned  as  a 
Second  Lieutenant  in  the  United  States  Air  Force.  He  was 
Initially  assigned  to  the  Air  Force  Institute  of  Technology  to 
study  for  a Master  of  Science  Degree  in  Systems  Management  and 
was  awarded  that  degree  in  December  1970.  A subsequent  assign- 
ment placed  him  as  a Systems  Program  Management  Officer  on  the 
development  of  the  Fleet  Satellite  Communications  System  at  the 
United  States  Air  Force  Space  and  Missile  Systems  Organization, 
Los  Angeles  Air  Force  Station,  California  until  July,  1973.  He 
began  work  on  a Doctor  of  Philosophy  Degree  in  Management  in 
September,  1973  at  Rensselaer  Polytechnic  Institute,  Troy,  New 
York.  That  degree  was  awarded  to  him  in  December  1975.  He  is 
currently  an  Instructor  in  Management  in  the  School  of  Engineer- 
ing, Air  Force  Institute  of  Technology,  Wright-Patterson  Air 
Force  Base,  Ohio. 

Captain  Stahl  is  married  to  the  former  Barbara  Graff  of 
Scranton,  Pennsylvania.  They  have  three  children;  Lisa,  Michelle 
and  Deborah. 

Permanent  Address:  515  River  Street 

Scranton,  PA  18505 


SECURITY  CLASSIFICATION  OF  THIS  RAGE  (When  Data  Entered) 


REPORT  DOCUMENTATION  PAGE 


I REPORT  NUMBER 


9 A p p READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

2 GOVT  ACCESSION  NO.  > RECIPIENT'S  CATALOG  NUMBER 


AFIT  TR  76-10 ___] 

«.  TITLE  fand  Submit)  S.  TYPE  OF  REPORT  A PERIOD  COVERED 

INNOVATION  AND  PRODUCTIVITY  IN  RESEARCH 

AND  DEVELOPMENT:  SOME  ASSOCIATED  INDIVI-  

DUAL  AND  ORGANIZATIONAL  VARIABLES  * performing  org  report  number 


[7.  AUTHORS) 


MICHAEL  J.  STAHL,  Capt,  USAF 


■ • CONTRACT  OR  GRANT  NUM BtR(e) 


9 PERFORMING  ORGANIZATION  NAME  AND  AODRESS  10.  PROGRAM  ELEMENT.  PROJECT,  TASK 

AREA  S WORK  UNIT  NUMBERS 

Air  Force  Institute  of  Technology  / 

AFIT/ENS 

Wrl  ght-Pattprann  AFB , OH  

II.  CONTROLLING  OFFICE  NAME  AND  ADDRESS  12  REPORT  DATE 

Air  Force  Institute  of  Technology  Mav  1976 

AFIT/ENS  '*■  NUMBER  OF  PAGES 

Wrlght-Patterson  AFB,  OH  45433 280 

U.  MONITORING  AGENCY  NAME  A AODRESVff  dtllerent  (torn  Controlling  Otttco)  IS  SECURITY  CL  ASS.  (ol  title  import) 


Unclassified 

ISa.  DECLASSIFICATION/ DOWN  GRADING 
SCHEDULE 


116.  DISTRIBUTION  STATEMENT  (ol  thlo  RaportJ 


Approved  for  public  release;  distribution  unlimited 


J *7.  DISTRIBUTION  STATEMENT  (ol  tho  mbetroct  an  farad  In  Block  20,  II  dllloront  from  Report) 


it  supplementary  notes  Approved  for  public  release; 


JfiffiRY  C/JHTX,  TJaptain,  USAF 

Director  of  Information 

'9  KEY  WORDS  (Continue  on  reveree  aide  II  neceeeary  and  identity  by  block  number) 

Innovation  Creativity 

Productivity 

Research  and  Development 
1 Organizational  variables 

Organizational  Climate 

ftO  ABSTRACT  (Continue  on  reeeree  aide  II  neceeeery  and  Identity  by  block  number ) 

iThe  relationships  of  organizational  variables  with  Innovation  and 
productivity  of  scientists  and  engineers  in  R&D  laboratories  were 
explored.  Peer  ratings  of  Innovation  (original  and  useful  output) 
and  productivity  (quantity  of  output)  were  utilized  as  criterion. 
Information  was  obtained  on  154  scientists/engineers  in  35  work 
groups  in  three  Air  Force  R&D  laboratories.  Significant  relation-  i 
snips  found  between  organizational  variables  and  innovation  and 
I productivity  included:  rewards  for  innovation,  communication  on  — r 


DD 


EDITION  OF  1 NOV  BS  IS  OBSOLETE 


UNCLASSIFIED 

SECURITY  CLASSIFICATION  OF  THIS  PAGE  (W^TDMi~Bi(l»too, 


1 


SECURITY  CLASSIFICATION  OF  THIS  PAGCrmiMl  Oat*  E nl,nd) 


technical  matters  with  other  scientists/engineers  within  the  work 
group,  and  an  age-education  demographic  group  of  variables.  Level 
of  participation  in  goal  setting  and  group  leader's  level  of 
empathy  were  also  consistently  related  to  level  of  productivity.^ 


UNCLASSIFIED 

SECURITY  CLASSIFICATION  OF  THIS  PAGEfl Dmtm  Fnt;*d) 


“V*L 


